peptide and a transmembrane/cytoplasmic tail. The all or a portion of the auto-antigen is 
processed by endosomes as a result of these functional connections. (Claim 54.) 

The invention is also drawn to a virus that infects human APCs. The virus comprises a 
polynucleotide that encodes all or a portion of an auto-antigen to which the autoimmune disease 
patient's antigen-specific T cells respond. (Claim 58.) 

The Amendments 

Claim 54 has been amended to recite "transfected" instead of "tranfected." The 
amendment merely corrects the spelling of transfected and does narrow the scope of the claim. It 
also introduces no new matter and does not require a new search. The amendment has not 
previously been made because claim 54 is a new claim, added in the prior response to Office 
Action, and applicant was first aware of the incorrect spelling at this time. 

Claim 58 has been amended to recite "an auto-immune disease" instead of "the auto- 
immune disease." The amendment corrects antecedent basis of auto-immune disease, which is 
not recited in a prior occurrence in the claim. Thus the amendment does not narrow the scope of 
the claim. It also does not introduce new matter or require a new search. The amendment was 
not previously made because claim 58 is a new claim, added in the prior response to Office 
Action, and applicant was first aware of the improper recitation at this time. 

The Rejection of Claims 41-67 Under 35 U.S:C. S 112 

Claims 41-67 are rejected under 35 U.S.C. § 1 12 for lack of enablement. Applicant 
respectfully traverses. 



The Patent Office makes this rejection, in part, by asserting reasons to doubt applicant's 
disclosure. The MPEP § 2164.04 sets forth that in making an enablement rejection, the PTO 
must accept applicant's specification as true, unless there are reasons to doubt it. "A 
specification disclosure which contains a teaching of the manner and process of making and 
using an invention in terms which correspond in scope to those used in describing and defining 
the subject matter sought to be patented must be taken as being in compliance with the 
enablement requirement of 35 U.S.C. 112, first paragraph, unless there is a reason to doubt the 
objective truth of the statements contained therein which must be relied on for enabling support." 
If the Patent Office finds reason to doubt applicant's disclosure, the MPEP also sets forth that the 
PTO must provide sound scientific reasoning or evidence to support its case. Should the Patent 
Office find a lack of enablement, it must "explain why it doubts the truth or accuracy of any 
statement in a supporting disclosure and back up assertions of its own with acceptable evidence 
or reasoning which is inconsistent with the contested statement." The PTO has provided 
numerous reasons why it doubts applicant's supporting disclosure, but does not provide evidence 
or reasoning to support all of its doubts of the accuracy of applicant's statements. 

The Office Action doubts that the claims are enabled because applicant's working 
examples are in vitro, which may not reflect the results achieved in vivo, or in a patient. The 
Office Action asserts, "APC cells transfected with a nucleic acid are eventually introduced into a 
patient and therefore, subjected to an environment in the patient which is entirely different to that 
in cell culture. Therefore, even though some ex vivo experiments are in clinical trials, ex vivo 
gene therapy is not enabled across the board." (Paper 15, page 3, lines 12-14.) Applicant has 
supplied in vitro experimental evidence to demonstrate the instant claims are enabled. The 



specification provides data that "both FasL and anti-Fas antibody dramatically inhibited T cells 
that were stimulated either by endogenously or by exogenously presented AchR." (Page 15, line 
23 through page 16, line 2.) The specification also discloses that "CTLA4Ig inhibited AchR- 
specific T cell proliferation by -70%, which is consistent with previous results in vitro:' (Page 
1 8, lines 9-10.) Thus, applicant has demonstrated his approach works in vitro. The fact that 
some ex vivo gene therapies are in clinical trials, coupled with the experimental data disclosed in 
the specification supports enablement of the claims. The Patent Office need not doubt the claims 
are enabled. 

The Office Action cites Crystal as teaching that results of ex vivo clinical trials have been 

inconsistent. (Paper 1 5, page 3, lines 1 5-17.) The Office Action specifically refers to an 

example in Crystal in which two children afflicted with ADA received autologous T cells which 

were modified ex vivo with normal ADA cDNA. The Office Action asserts that the results 

observed in that trial were inconsistent because, "The normal ADA+ cells varyied between 0.1- 

60%." (Paper 1 5, page 3, line 19.) Although the number of ADA+ cells varied in this example 

between 0.1 and 60%, there were ADA+ cells at all times in each of the patients . The Office 

Action also asserts that Crystal teaches that ex vivo clinical trials are inconsistent by stating that: 

Additionally, even though successful transfer of the ADA gene to 
the epithelium is observed successful expression is only observed 
in 5% of cells. 

Paper 1 5, page 3, lines 20-21 . This reference to Crystal improperly characterizes the data. 
Crystal does not teach that the ADA cDNA is expressed in only 5% of epithelial cells. Crystal 
teaches that CFTR cDNA is transferred to the respiratory epithelium in about 5% of cells. 
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However, the CFTR trial was an in vivo cystic fibrosis gene therapy trial and therefore not 



relevant to ex vivo gene therapy. (See Crystal page 409, column 1, lines 29-35; see also table 2.) 

Furthermore, Crystal teaches that ex vivo gene therapy is generally successful as a 

treatment for a variety of genetic disorders. Crystal states: 

Retrovirus vectors also have been used to transfer therapeutic 
genes ex vivo, with success demonstrated by the fact that the 
modified cells exhibit their altered phenotype in vivo for up to 36 
months (Table 1). 

Emphasis added, page 405, third column, lines 43-47. Crystal also teaches specific examples of 

successful gene transfer as a result of ex vivo gene therapy: . 

Successful gene transfer has been demonstrated in cells recovered 
form children with adenosine deaminase (ADA) deficiency after 
transfer of the normal ADA complementary DNA (cDNA) to 
autologous T cells, cord blood, and placental cells; from 
individuals with solid tumors after transfer of cytokine cDNAs in 
autologous vaccine strategies to fibroblasts; TILs, or tumor cells; 
from individuals with familial hypercholesterolemia after transfer 
of the low-density lipoprotein (LDL) receptor cDNA to autologous 
hepatocytes; from HIV^ siblings after transfer of a chimeric T cell 
receptor cDNA to blood T cells of a twin; and from individuals 
with tumors who received autologous marrow transplants after 
transfer of the multidrug resistance 1 cDNA to autologous blood 
CD34+ stem cells. 

Page 405, third column, line 52 through page 406, first column, line 7, citations omitted. 
Clearly, Crystal teaches that ex vivo gene therapy had been successful. The data reviewed by 
Crystal supports rather than detracts from the enablement of the claimedinvention. The 
successful clinical trials reviewed by Crystal combined with the in vitro data disclosed by 
applicant in the specification demonstrate that those of skill in the art would have had a 
reasonable expectation of success in practicing the invention without recourse to undue 
experimentation. 
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The Office Action also alleges that the claims are not enabled because it doubts that 
applicant's disclosure of in vitro data is indicative of in vivo clinical therapy when APCs are 
removed from a patient and used according to the methods of the claims. The Office Action 
asserts "it is not clear that the APC cells removed from the patient and transfected with a 
polynucleotide encoding at least a portion of AchR and FasL and FADD will simulate that which 
occurs in a lymphoma cell line transfected ex vivo." (Paper 15, page 4, lines 10-13.) Applicant 
respectfully traverses. The Office Action offers no evidence or sound scientific reasoning why 
APCs transfected ex vivo should perform in the patient differently than in vitro. Moreover, V 



1 Crystal provides evidence that the transfected or transformed cells will perform as expected in a 

patient. Crystal reviews several studies that demonstrate successful function of cells which were 

transfected ex vivo. 

In one ex vivo study a retrovirus vector was used to transfer the 
interleukin-4 (IL-4) cDNA to autologous fibroblasts. The cells 
were then irradiated and implanted subcutaneously in the donor 
together with irradiated, unmodified, autologous tumor cells. In 
some recipients, this evoked infiltration with CD3 + T cells and 
tumor-specific CD4 + T cells at the immunization site, as well as 
enhanced expression of cell adhesion molecules on capillary 
endothelium. In another trial, autologous neuroblastoma cells 
modified ex vivo with a retrovirus to contain the IL-2 cDNA were 
lethally irradiated and implanted subcutaneously. In some 
individuals, this evoked systemic augmentation of CD 16 + natural 
killer cells and tumor-specific CD8 + cytotoxic T cells and 
eosinophilic 

Page 408, first column, lines 27-45, citations omitted. In each study Crystal mentions, the 
implanted transfected cells initiate an immune response in vivo. The cells expressing IL-2 result 
in systemic augmentation of CD16 + natural killer cells and tumor-specific CD8 + cytotoxic T 
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cells. Crystal teaches that the immune responses are as would be expected , within the patient. 
Thus there is no reason for the Patent Office to doubt applicant's disclosure. 

The Office Action voices concern that autoimmune specific T cells wiU be act ivated by 
the transfected or transformed APCs, rather than ablated. The Office Action asserts that "it is not 
clear that the APCs transfected with AchR, will inactivate the AchR^specific T cells rather than 
stimulate them." (Paper 15, page 4, lines 13-14.) In fact, the method intends the T cells to be 
stimulated. It is the administration_pfa product that is detrimental to activated T cell 
proliferation which will prevent proliferation of the AchR specific T cells. The specification 
teaches that detrimental products such as CTLA4Ig, Fas ligand, and antibody to Fas, inhibit the 
proliferation of activated AchR specific T cells. "When stimulated in the presence of CTLA4Ig, 
the T cells are relatively inactivated; when stimulated in the presence of Fas ligand or antibody to 
Fas they undergo apoptosis and death." Page 9, lines 9-11.) Thus AchR does activate AchR 
specific T cells and such activation is required by the claims. 

The Office Action further alleges that the state of the art is unpredictable and that 
applicant's in vitro data are insufficient to support the claims. The Office Action asserts that 
"one of skill in the art will not expect the results obtained from in vitro cell culture to be 
suggestive of ex vivo experimentation." (Paper 15, page 5, lines 3-4.) Applicant respectfully 
traverses. The Crystal reference, as addressed earlier, teaches numerous instances that 
demonstrate that ex vivo gene therapy works. Crystal teaches, "Taken together, the evidence is 
overwhelming, with successful human gene transfer having been demonstrated in 28 ex vivo and 
10 in vivo studies (Table 1)." (Page 405, third column, lines 9-13, emphasis added.) Crystal 
teaches, in Tables 1 and 2, successful ex vivo gene therapy trials for ADA, LDLR, and various 
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types of tumors such as melanoma, neuroblastoma, lung cancer, and breast cancer. Thus one of 
ordinary skill in this art would find the results obtained from in vitro cell culture indicative of 
successful ex vivo methods. The state of the art supports the enablement of the claims. There is 
no basis for doubting applicant's supporting disclosure. 

The Patent Office also questions whether the viral vector used to treat the patient with an 
autoimmune disease will elicit an immune response and render the claimed method ineffective. 
The Office Action asserts that "the introduction of a viral vector, unless completely gutted, will 
respond by eliciting an immune response opposing and contrary to the intent of the instant 
application." (Paper 1 5, page 5, line 22 through page 6, line 2.) The claimed method does not 
require that a viral vector be introduced directly into the patient. The claimed method recites that 
APCs are removed from a patient. A.polynucleotide, which may be in a viral vector, is 
introduced into the APCs. The APCs are reintroduced into the patient. Thus, no viral vector is 
introduced directly into the patient. Furthermore, a viral vector is not necessarily used to 
introduce the polynucleotide into the APCs. The specification discloses that non- viral 
techniques can be used. (Page 7, line 22.) However, the introduction of a viral vector may occur 
when APCs that are transduced with a viral vector are implanted into an autoimmune disease 
patient. The specification describes that the viral vectors used in the invention do not have the 
ability to replicate, which would prevent viral spread and contain the immune response. The 
specification discloses that "it is preferred that the viruses be attenuated so that they do not 
replicate." (Page 8, line 1 .) Typically those of skill in the art use defective viruses as gene 
therapy vectors to prevent the generation of any immune response. 

The Office Action speculates that there is doubt as to whether AchR will simulate auto 
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antigens in any patient afflicted with any auto immune disorder. There is, however, no reason 
provided to doubt that autoimmune T cells will be activated by their autoantigens. Autoimmune 
T cells are by definition activated by their autoantigens. The specification discloses that 
"autologous antigen presenting cells (APCs) can be transfected or transduced to express, process, 
and properly present an antigen to antigen-specific T cells. Moreover, upon proper presentation, 
the antigen-specific T cells are activated." (Page 5, lines 15-20.) There is no reason provided by 
the Patent Office to doubt applicant's disclosure. 

The Patent Office also doubts the enablement of the claimed method because there is 
allegedly no disclosure of what will happen in an autoimmune patient upon introduction of cells 
transduced or transfected with FasL. Office Action alleges that, "It is not clear how these 
transfected cells comprising FasL will behave in a patient with an autoimmune disorder." (Paper 
15, page 6, lines 7-9.) The Patent Office, however, has offered no evidence or sound scientific 
reasoning that the transfected cells will not behave in a patient with an autoimmune disorder as 
they do in vitro. Applicant submits evidence with this response that the results of ex vivo gene 
therapy trials demonstrate that cells reintroduced into a patient yield the response that is expected 
according to in vitro studies. See Fu et al. (Tab C), Malech et al. (Tab B), and the examples 
listed in Tables 1 and 2 of Crystal, previously discussed. There is no reason provided by the 
Patent Office to doubt that the cells will behave in a patient as taught. 

The Patent Office questions the enablement of the claims because not all the claims 
require that cells transfected or transduced with Fas ligand are also transduced or transfected 
with the protective molecule FADD. The Office Action points out that not all claims recite the 
use of FADD for protection of introduced cells against destruction. "It is not clear how these 
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transfected cells comprising FasL will behave in a patient with an autoimmune disorder." (Paper 
1 5, page 6, lines 7-9.) The specification discloses that "the expression of Fas ligand by a cell can 
be suicidal." (Emphasis added, page 7, lines 15-16.) Thus the APCs may or may not survive 
without additional expression of a protective molecule. The APCs that comprise FasL, but not 
FADD, may comprise a different protective molecule. The specification discloses that there are 
protective molecules other than FADD and that "these polypeptides are known in the art to 
protect expressing cells from the pro-apoptotic effects of Fas ligand." (Page 7, lines 18-19.) 
Thus, the lack of FADD expression does not necessarily result in death of APCs expressing Fas. 
The Office Action provides no evidence that cells comprising FasL and not FADD would not 
survive. 

The Office Action also doubts the enablement of the claimed method because it alleges 
that applicant's in vitro disclosure using AchR activated T cells as an example of autoimmune 
disease may not apply to other auto antigens in patients with autoimmune disease. The Office 
Action asserts that "it is not clear that this one example wherein the epitopes of an a-subunit of a 
torpedo acetyl choline receptor are used in vitro experiments represent all autoantigens of 
patients with autoimmune disorders." (Paper 15, page 6, lines 11-13.) The Office Action again 
provides no evidence or reasoning for this allegation. There is no reason to doubt that such a 
treatment will work for autoantigens of patients with autoimmune disorders. The specification 
discloses that "autologous antigen presenting cells (APCs) can be transfected or transduced to 
express, process, and properly present an antigen to antigen-specific T cells. Moreover, upon 
proper presentation, the antigen-specific T cells activated. Activation of the selected class of 
antigen-specific T cells permits this class to be distinguished from other T cells and for them to 
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be selectively targeted for ablation." (Page 5, lines 15-20.) The Patent Office has offered no 

evidence to doubt applicant's disclosure. Speculation is not sufficient to shift the burden of 

proof to the applicant. . 

The Office Action also questions whether "the one example (FasL) used in the in vitro 

experiments as a product that is detrimental to activated T cells [is] representative of all products 

detrimental to activated T cells as claimed?" (Paper 15, page 6, lines 14-16.) Again the Patent 

Office merely speculates and muses. The specification discloses several examples of products 

that are detrimental to T cells, with evidence to support their deleterious effects. The 

specification describes "[w]hen stimulated in the presence of CTLA4Ig, the T cells are relatively 

inactivated; when stimulated in the presence of Fas ligand or antibody to Fas they undergo 

apoptosis and death." (Page 9, lines 9-11.) Thus APCs that are transfected with AchR epitopes 

are inactivated by CTLA4Ig, and induced to undergo apoptosis by Fas ligand or antibody to Fas. 

Further support for the effect of these products is described in the examples. 

To examine the ability of these APCs to be used in inactivate- 
rather than stimulate the AchR-specific cells, endogenous 
stimulation of the target T cells by the transfected APCs was 
combined with simultaneous treatment with CTLA4Ig (to block 
costimulation). Endogenous stimulation by transfected A20 cells 
in the presence of 50 ^ig/ml of CTLA4Ig resulted in 70% inhibition 
of stimulation (Fig. 3), which is consistent with results of previous 
studies of in vitro effects of CTLA4Ig on AchR-specific T cell 
stimulation. 

Page 15, lines 7-13. Thus the specification describes experimental evidence as to the fate of 
AchR specific T cells when exposed to the detrimental product CTLA4Ig and AchR specific 
APCs. The specification further describes experimental evidence regarding the fate of AchR 
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specific T cells when exposed to the detrimental products FasL or antibody to Fas and AchR 

specific APCs. 

The specification discloses, 

The ability of Fas ligand (FasL) and antibody to Fas to induce 
killing of AchR-specific T cells that were stimulated by transfected 
APCs (Fig. 4) was tested. In order to allow the transfected APCs 
to complete their stimulation of the T cells, and to avoid possible 
interference with the APCs, FasL or anti-Fas antibody were first 
added 72 hrs after initiation of the cultures. Antibody to Fas 
resulted in virtually 100% inhibition of T cell proliferation, and 
treatment with soluble hFasL produced 70 to >90% inhibition. 

Page 15, lines 14-19. Thus the effect of the detrimental products FasL and anti-Fas antibody 
were tested as well. Applicant has demonstrated the effect of three representative examples of 
detrimental products on the stimulated T cells. Thus there is no reason provided to doubt that 
detrimental "products" would function as taught for FasL. 

Claims 54-57 and 66 are drawn to antigen presenting cells and claims 58-64 and 67 are 
drawn to viruses that infect antigen-presenting cells. These claims have utility other than in the 
claimed methods of treating of patients with autoimmune disorders. The APCs and viruses can 
be used to screen and identify treatments that are effective in arresting antigen-specific T cell 
growth or in eliminating antigen-specific T cells. The specification discloses that, "Such 
antigen-specific T cell activation provides a model system in which drugs and treatments can be 
screened to identify those which are effective in arresting growth of or eliminating the antigen- 
specific T cells." (Page 5, lines 21-23.) The specification also discloses that in the model 
system, the "genes which encode such agents can be supplied to the antigen presenting cells, 
such that upon interaction of the antigen presenting cells and the antigen : specific T cells, the 
latter cells can be both activated and ablated." (Page 6, lines 6-8.) Thus, the APCs may also be 
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used to determine farther agents that can be used to inactivate or ablate antigen-specific T cells 
in an autoimmune disease patient. The claimed viruses may be used to transduce those APC 
cells. The Patent Office has asserted no reasons to doubt that those of skill in the art could make 
and use the claimed APCs and viruses. 

The Patent Office has alleged that the claims are not enabled because various aspects of 
the invention are not taught. However, a patent need not teach, and preferably omits, what is 
well known in the art. In re Buchner, 929 F.2d. 660, 661 (Fed. Cir. 1991); Hybritech, Inc. v. 

Monoclonal Antibodies, Inc., 802 F.2d 1367, 1384 (Fed. Cir. 1986); mdLindemann 

\ 

Maschinenfabrik GMBH v. American Hoist & Derrck Co., 730 F.2d 1452, 1463 (Fed. Cir. 1984). 
The specification, the prior art, or both teach each of the deficiencies asserted by the Patent 
Office. 

The Office Action questions how one would know how many transduced or transfected 
APCs are to be administered to an autoimmune patient taking into consideration that the patient 
has an auto immune disorder and already has activated T cells. (Paper 15, page 4, lines 14-16.) 
Applicant respectfully traverses. The number of APCs administered to a patient with an 
autoimmune disease can be readily determined by one of skill in the art using standard titration 
procedures. Moreover, ex vivo clinical trials in patients with immune diseases had already been 
conducted prior to the filing of the instant application, Malech et al. teach ex vivo gene therapy 
to treat patients with the p47 phox deficiency form of chronic granulomatous disease, as described 
previously. (TabB.) Chronic granulomatous disease is "a rare inherited disorder of phagocytes 
associated with recurrent life-threatening infections." (Page 12133, first column, lines 1-3 after 
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the abstract.) Malech et al. teach, "The total number of cells infused ranged from 0.1 to 4.7 x 10 
cells per kg (Table 1)." (Page 12135, column 1, lines 5-7.) See pages 12133 to 12134 in the 
Materials and Methods. One of skill in the art, at the time the application was filed, could have 
readily determined how many T cells to administer to a patient with an autoimmune disease 
without undue experimentation, relying on the prior art and the level of skill in the art. 

The Office Action also alleges that the claims are not enabled because the specification 
does not teach all the autoantigens that can be used in the claims, and does not teach whether any 
autoantigen will elicit the same response in the autoantigen specific T cells as the response 
observed with AChR. The Office Action asserts that the "specification does not teach one where 
and how to obtain the DNA encoding autoantigens and if the AchR will simulate autoantigens in 
any patient afflicted with any autoimmune disorder." (Paper 15, page 4, lines 16-18.) Applicant 
respectfully traverses. DNA encoding autoantigens are well known to those of skill in the art. A 
patent need not teach, and preferably omits, what is well known in the art. The specification 
discloses that any auto-antigen known in the art may be used to treat a patient with an auto- 
immune disorder. "This technique can be used with any auto-immune disease in which the 
inciting auto-antigen is known and for which the coding sequence is available." (Page 6, lines 9- 
10.) Nucleotide and polypeptide sequences of human autoantigens retrieved from the NCBI 
database are shown at Tabs D through N. Each was entered before December 3, 1997, the date 
of the provisional application upon which priority is claimed. Accession number U0.1882 
discloses the sequence for the human SS-A/Ro autoantigen which is associated with the 
autoimmune response in mothers whose children have manifestations of neonatal lupus (Tab D). 
Accession number D861 15 discloses the nucleotide sequence for the human HC21Exc65 exon, 
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an auto antigen in polyglandular disease type I (Tab E). Accession number X56687 discloses the 

nucleotide sequence for the human NOR-90 auto antigen, a nucleolar transcription factor that is a 

novel target for human autoimmune response (Tab F). Accession number U26593 discloses the 

nucleotide sequence for the human diabetes mellitus I auto antigen ICAp69 (Tab G). Accession 

number X54162 discloses the nucleotide sequence for a novel 64-kDa auto antigen recognized 

patients with autoimmune thyroid disease (Tab H). Accession number XI 6 163 discloses the 

nucleotide sequence for a human systemic lupus erythematosus autoimmune antigen (Tab I). 

Accession number X69936 discloses the nucleotide sequence for the human glutamic acid 

decarboxylase auto antigen of insulin-dependent diabetes mellitus patients (Tab J). Accession 

number J04977 discloses the nucleotide sequence for the human Ku auto antigen (Tab K). 

Accession number J03798 discloses the nucleotide sequence for the human small nuclear 

ribonucleoprotein Sm-D, an auto antigen of rheumatic disease systemic lupus erythematosus 

(Tab L). Accession number M24499 discloses the nucleotide sequence for the human 

autoantigen cytochrome P450dbl , of idiopathic autoimmune hepatitis (Tab M). Accession 

number M28639 discloses the nucleotide sequence of human autoimmune thyroid disease-related 

antigen mRNA (Tab N). Thus one of skill in the art could readily use known or identify 

additional nucleotide sequences of autoantigens for use in the method of ablating autoantigen 

specific T cells as recited in the claims. 

The Office Action further asserts that the specification lacks guidance as to how one is to 

obtain enough APCs from the patient. Applicant respectfully traverses. The specification 

clearly guides one of skill in the art how to obtain APCs. 

Antigen presenting cells can be withdrawn from an auto-immune 
disease patient, such as a myasthenia gravis patient according to 
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techniques well known in the art. They can be found in the blood 
as well as in the bone marrow. In one embodiment of the 
invention B cells are purified from the blood and used as the 
preparation of antigen presenting cells. 

Page 6, lines 11-15. The specification discloses that the APCs may be obtained from blood or 

bone marrow. In addition, one of skill in the art would know how to isolate these cells* For 

example, see McLellan et al. (J. Immunol. Methods, Vol. 184, 1995, 81-89; tab O) for an 

example of isolation of APCs from blood. McLellan et al. teach isolation of dendritic cells from 

the blood. It is not necessary to disclose those methods that are well known to those of skill in 

the art. If the Patent Office questions the quantity of APC and its sufficiency, no support for this 

mere speculation has been provided. Thus the burden of proof has not been shifted to applicants. 

The Office Action also asserts that it is unclear "what is the generic 'product 5 claimed in 

the instant invention which is detrimental to the activated T cells." (Paper 15, page 4, lines 20- 

22.) Applicant respectfully traverses. The specification clearly describes detrimental product. 

Detrimental products which have been found to successfully 
inactivate or ablate activated antigen-specific T cells include 
CTLA4Ig, a fusion protein which binds to and blocks 
costimulatory B7 molecules on APC cells, Fas ligand, and 
antibodies to Fas itself. Antibodies which block costimulatory B7- 
1 and -2 molecules can also be used. 

Page 7, lines 12-15. Thus the specification defines detrimental products as molecules that 

successfully inactivate or ablate activated antigen-specific T cells. The specification further 

defines a detrimental product by listing five specific examples. The specification thus 

adequately teaches one of skill in the art what the detrimental product is that is used in the 

claimed method. 
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The Office Action further alleges that the application does not describe when and how the 
transfected or transduced APCs are administered to a patient with an autoimmune disease. The 
Office Action asserts, "Applicants did not teach when and how to administer APCs transfected 
with (1) AchR (AA 1-210), (2) FasL and (3) truncated FADD, to a patient with an auto-immune 
disease." The specification, however, does disclose how the transfected APCs are administered 
to a patient. "Transduced or transfected autologous antigen presenting cells are re-introduced to 
the patient using standard techniques for transfusing blood cells." (Page 7, lines 5-6.) Applicant 
need not teach what is well known in the art. Clearly one of skill in the art would know how and 
when to administer APCs, possibly derived from blood or bone marrow, to a patient with an 
autoimmune disease. For example, Malech et al. teach that "transduced PBSCs derived from the 
apheresis products were administered intravenously." See also 12135 first column, first full 
paragraph. (Page 12134, first column, lines 3-4; Tab B) Thus this aspect of the invention is 
enabled by both the teachings of the specification and the prior art. 

The Office Action discounts the evidence which applicant provided in the last 
amendment to demonstrate enablement, asserting "that the prior art on ex vivo therapy referred to 
by applicants is directed to gene supplementation" (paper 15, page 3, lines 2-3) and that the 
claimed methods are not ex vivo gene therapy drawn to gene supplementation. Rather, the Office 
Action asserts, the claims are drawn to immunotherapy. Applicant respectfully traverses. Gene 
supplementation and immunotherapy are not two mutually exclusive therapies. The therapy 
claimed in the application is ex vivo gene therapy. The method claims recite that antigen 
presenting cells are removed from an autoimmune disease patient. A polynucleotide that 
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encodes all or a portion of an auto-antigen to which the patient's antigen-specific T cells respond 
is transferred into the APCs. The APCs are reintroduced into the patient. This is ex vivo gene 
therapy. Ex vivo gene therapy involves removal of cells from a patient, transferring genes into 
the removed cells for expression, and reintroducing the cells into the patient. 

Moreover, the ex vivo gene therapy recited in the claims is a form of gene 
supplementation. The gene encoding the auto antigen, which is introduced ex vivo into cells by 
the methods of the instant application, is supplemental to the repertoire of genes normally 
expressed in those cells. The fact that the encoded protein has a downstream effect on an 
immune response in the organism does not preclude it from being supplemental. 

Gene supplementation during ex vivo gene therapy frequently affects an immune 
response. For example, Bordignon et al. (Science, Vol. 270, 1995, 470-475; Tab A) teach gene 
therapy to introduce the adenosine deaminase (ADA) gene into the T cells of children with 
severe combined immunodeficiency (ADA-SCID). The ADA serves to normalize T cell 
numbers in patients and restore cellular and humoral immune responses . "After 2 years of 
treatment, long-term survival of T and B lymphocytes, marrow cells, and granulocytes 
expressing the transferred ADA gene was demonstrated and resulted in normalization of the 
immune repertoire and restoration of cellular and humoral immunity." (Lines 5-9 of the 
abstract.) Thus, Bordignon et al. teaches gene supplementation which also constitutes 
immunotherapy. 

Malech et al. (Proc. Natl. Acad. Sci. USA, Vol. 94, 1997, 12133-12138; Tab B) also 
teach gene supplementation that serves as a means of providing immunotherapy. Malech et al. 
teach the introduction of the p47 hox gene into CD34 + peripheral blood stem cells of chronic 
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granulomatous disease patients. This gene supplementation affects phagocyte cell number and 
the ability of patients to fight off infections. "Our data demonstrate the appearance of gene- 
corrected oxidase-positive granulocytes in the peripheral blood of each of five patients with 
p47hox CGD after PBSC-targeted gene therapy with vector encoding p47hox. In patient 1, we 
also demonstrated that the gene-corrected oxidase-positive neutrophils could migrate from the 
circulation to a site of infection." (Page 12136, column 2, lines 1-6 of the discussion.) Again, 
Malech et al. demonstrate that gene supplementation can provide immunotherapy. The two 
categories are not mutually exclusive. Similarly, the immunotherapy of the claimed invention is 
also an ex vivo gene therapy supplementation method. Therefore, the evidence cited in the last 
amendment involving ex vivo supplemental gene therapy is relevant to enablement of applicant's 
invention. 

Applicant has provided disclosure for the method and product claims that would enable 
one of skill in the art, at the time of the invention, to make and use the invention without 
recourse to undue experimentation. Withdrawal of this rejection to claims 41-67 is respectfully 
requested. 

Respectfully submitted, 
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APPENDIX L MARKED UP VERSION OF CLAIMS TO SHOW CHANGES MADE 



54. (Amended) Antigen presenting cells of an auto-immune disease patient which are 
transduced or transfected with a polynucleotide encoding a protein comprising all or a portion of 
an auto-antigen to which the patient's antigen-specific T cells respond, said all or a portion of an 
auto-antigen being functionally connected to a signal peptide and a transmembrane/cytoplasmic 
tail, whereby said all or a portion of auto-antigen is processed by endosomes. 

58. (Amended) A virus which infects human APCs and which comprises a polynucleotide 
which encodes all or a portion of an auto-antigen to which [the] an auto-immune disease 
patient's antigen-specific T calls responds. 
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Adenosine deaminase (ADA) deficiency results, in severe combined 
immunodeficiency, the first genetic disorder treated by gene therapy. Two 
different retroviral vectors were used to transfer ex vivo the human ADA 
minigene into bone marrow cells and peripheral blood lymphocytes from two 
patients undergoing exogenous enzyme replacement therapy. After 2 years of 
treatment, long-term survival of T and B lymphocytes, marrow cells, and 
granulocytes expressing the transferred ADA gene was demonstrated and resulted 
in normalization of the immune repertoire and restoration of cellular and 
humoral immunity. After discontinuation of treatment, T lymphocytes, derived 
from transduced peripheral blood lymphocytes, were progressively replaced by 
marrow-derived T cells in both patients. These results indicate successful gene 
transfer into long-lasting progenitor cells, producing a functional multilineage 
progeny. 
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ABSTRACT Little is known about the potential for engraft- 
ment of autologous hematopoietic stem ceils in human adults not 
subjected to myeloablative conditioning regimens. Five adult 
patients with the p47 phox deficiency form of chronic granuloma- 
tous disease received intravenous infusions of autologous CD34+ 
peripheral blood stem cells (PBSCs) that had been transduced 
ex vivo with a recombinant retrovirus encoding normal p47 phox . 
Although marrow conditioning was not given, functionally cor- 
rected granulocytes were detectable in peripheral blood of all five 
patients. Peak correction occurred 3-6 weeks after infusion and 
ranged from 0.004 to 0.05% of total peripheral blood granulo- 
cytes. Corrected cells were detectable for as long as 6 months 
after infusion in some individuals. Thus, prolonged engraftment 
of autologous PBSCs and continued expression of the transduced 
gene can occur in adults without conditioning. This trial also 
piloted the use of animal protein-free medium and a blood-bank- 
compatible closed system of gas-permeable plastic containers for 
culture and transduction of the PBSCs. These features enhance 
the safety of PBSCs directed gene therapy. 



Chronic granulomatous disease (CGD) is a rare inherited disor- 
der of phagocytes associated with recurrent life-threatening 
infections (1, 2). CGD is caused by a defect in the phagocyte 
NADPH oxidase (phox) that normally generates superoxide. 
When normal phagocytes engulf opsonized pathogens, the oxi- 
dase becomes activated by translocation of three cytoplasmic 
proteins (p47P hCK , p67P hOT , and rac-2) to the cell membrane where 
they bind to f lavocytochrome 6558 (a heteromeric transmembrane 
protein composed of two peptides, gp9lP hox and p22P hox ) (3, 4). 
The genetic basis of CGD is heterogeneous (1, 5). The most 
common form (about two-thirds of the cases) is X chromosome- 
linked, resulting from mutations in the gp9lP hox gene. The next 
most common form (about one-third of the cases) is autosomal 
recessive resulting from mutations in the p47P h0X gene on chro- 
mosome 7 (2, 4). The remaining 5% of cases are due to mutations 
in the genes encoding p22P hox (chromosome 16) or p67P hox 
(chromosome 1), 

Bone marrow transplantation can cure CGD (6, 7), indicating 
that the stem cells giving rise to granulocytes and monocytes are 
an appropriate target for gene therapy. Bone marrow transplan- • 
tation in CGD has been associated with unacceptabry high rates 
of morbidity, mortality, and graft failure, except in the case of 
HLA-matched sibling donors (6, 7). Specific gene therapy of 
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autologous peripheral blood stem cells (PBSCs) would avoid 
these problems. The feasibility of genetic correction of CGD with 
retrovirus vectors has been demonstrated ex vivo by transduction 
of human CD34 + PBSCs from patients with each of the four 
forms of CGD (8-10). Furthermore, genetic correction of the 
gp9 1P hox an£ j p47phoK deficiency forms of CGD has been demon- 
strated in vivo after stem-cell gene therapy of gene knockout 
CGD mice and is associated with an increased resistance to 
infection (11, 12). 

In the CGD mouse gene therapy studies, total body radiation 
was used as a conditioning regimen to enhance engraftment of 
gene corrected stem cells. Although partial marrow ablation has 
been thought to be required to optimize engraftment of infused 
hematopoietic stem cells even in the autologous setting, a number 
of animal studies using syngeneic cells have suggested that 
infusion of large numbers of stem cells can partially overcome this 
barrier (13). In this clinical trial of gene therapy, we examine the 
potential for engraftment of transduced-gene-corrected autolo- 
gous CD34 + stem cells in aclult patients with the p47P hox defi- 
ciency form of CGD (p47P hox CGD) without marrow condition- 
ing. 

MATERIALS AND METHODS 
Patients and Consent Documents. Patients 1 to 5 have p47P h0X 
CGD as demonstrated by history of recurrent infections, by 
phagocytic cells that lack both oxidase activity and $47^°* 
protein, and by p47P h0X gene mutation analysis (14, 15). Patients 
1 to 5 are Caucasian and are, respectively, female, male, female, 
male, and female, and years of age at study entry were 37, 21, 18, 
27, and 27. A gene-therapy phase I protocol with associated 
informed consent document was reviewed and approved by the 
National Institute of Allergy and Infectious Disease human 
investigation review board (Protocol 95-1-0134), by the National 
Institutes of Health Biosafety Committee (Approval document 
RD-94-XI-05), by the National Institutes of Health Recombinant 
DNA Advisory Committee (Protocol 9503-104), and by the U.S. 
Food and Drug Administration (BB IND 6100). 

Protocol Clinical Procedures. Beginning on study day 1, 
patients were given six daily subcutaneous injections with 
granulocyte colony-stimulating factor (Amgen) at 10 ptg/kg to 
mobilize CD34+ PBSCs from the marrow (16). On both study 
days 5 and 6, a 10- to 15-liter apheresis stem cell collection was 
performed by using the CS3000 Plus blood cell separator 



Abbreviations: PBSC, peripheral blood stem cell; CGD, chronic 
granulomatous disease; phox, phagocyte NADPH oxidase; PMA, 
phorbol myristate acetate; NBT, nitroblue tetrazolium dye; DHR, 
dihydrorhodamine 123. 
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(Baxter Healthcare, Fenwal Division, Deerfield, IL) with 
manufacturer recommended settings. On study days 8 and 9, 
the purified cultured and transduced PBSCs derived from the 
apheresis products were administered intravenously. 

Purification of CD34 + PBSCs. CD34 + PBSC enrichment 
from the apheresis product was performed by using the 
ISOLEX 300 SA immunomagnetic stem cell selection system 
(Baxter Healthcare, Immunotherapy Division, Irvine, CA). 
The purification procedure using this device was performed by 
the manufacturer's instructions. Briefly, CD34 + PBSCs were 
labeled with murine anti-CD34 + mAb and the labeled cells 
were magnetically captured by using paramagnetic beads con- 
taining surface-bound sheep anti-mouse IgG. CD34 + cells 
were released from the paramagnetic beads by epitope com- 
petition by using a peptide that mimics the CD34 epitope as a 
releasing agent. In some cases, a few additional CD34 + cells 
could be released from the beads enzymatically by using 
chymopapain. CD34t PBSCs were enumerated by fluorescent 
antibody flow cytometry analysis (16). 

Closed Container System for Handling and Culturing CD34 + 
PBSCs. Purified CD34+ PBSCs were handled, cultured, and 
transduced in a closed system of plastic containers that could be 
connected sterilely by using a Terumo SCD 312 sterile tubing 
welder (Baxter, Fenwal Division). Three types of plastic contain- 
ers were used. Polyvinyl chloride (PH46) containers (Baxter, 
Fenwal Division) with limited gas permeability were used to store 
medium. CD34 + PBSCs were cultured in gas-permeable stem cell 
culture (PL-2417) containers (Baxter, Immunotherapy Division) 
that are optimized for growth of PBSCs. Because of differences 
in tensile properties and construction/ the early prototype PL- 
2417 containers available for this study were not centrifuged, but 
instead Life Cell gas-permeable (PL-732) containers (Baxter, 
Immunotherapy Division) designed for lymphocyte culture were 
used to centrifuge cells. 

Production of Clinical Grade Retrovirus Encoding p47 ph0 \ 
The ORF of human p47P hox cDNA (17, 18) was inserted into the 
MFGS retrovirus vector (Cell Genesys, Foster City, CA) (8-10). 
MFGS-p47P h0X plasmid was transfected into the amphotropic 
envelope packaging line i/^CRIP, and a vector-producing clone 
was selected (8-10). For production of cGMP (U.S. Food and 
Drug Administration current good manufacturing practice) clin- 
ical lots of retrovirus supernatant (Cell Genesys), the producer 
was expanded in DMEM/10% calf serum and then washed with 
and switched to a serum-free and animal-protein-free medium 
(X-VI VO 10, BioWhittaker) containing 1% human serum albu- 
min (Baxter Healthcare, Hyland Division, Glendale, CA) for each 
8-hr retrovirus supernatant harvest. 

PBSC Culture and Transduction Procedures. On the day of 
apheresis (culture day 0) purified CD34 + PBSCs were suspended 
at 0.5 to 2 X 10 6 cells per ml in PBSC growth medium that was 
serum-free and animal-protein-free (X-VIVO 10 containing 1% 
human serum albumin and Pixykine [PIXY321; interleukin 3/ 
granulocyte-macrophage colony-stimulating factor fusion pro- 
tein from Immunex] at 100 ng/ml and granulocyte colony- 
stimulating factor (Amgen) at 10 ng/ml. PBSCs were cultured 
overnight in a PL-2417 gas-permeable container in 1% C02/93% 
air at 37°C. The next morning (culture day 1) the cells were 
transferred to a PL-732 container, centrifuged, and resuspended 
into 50% vector supernatant (titer -10 6 transducing units/ml) 
containing the same growth factor concentrations and at the 
same cell concentration as for overnight culture. Cells were 
spin-transduced at 1,200 x g at 32°C for 1 hr (10) and incubated 
5 lir at 37°C, 7% COz/93% air, after which . cells were transferred 
back to PBSC growth medium in the PL-2417 container over- 
night. The transduction procedure was repeated on culture days 
2 and 3 after which the cells were washed and resuspended in 
Plasmalyte (Baxter, Hyland Division) containing 1% human 
serum albumin for intravenous administration. Samples of cells 
were retained in liquid culture or plated in agarose for further 
analysis. Cultures of nontransduced PBSCs from the patients and 



PBSCs from normal volunteers (Human Investigation Review 
Board approved National Institutes of Health Protocol 94-1-0073) 
served as negative and positive controls for assays of oxidase 
activity. 

Analysis of Transduction and Correction of Oxidase Activity. 
At the end of culture day 3, PBSCs were plated in agarose to allow 
formation of myeloid colonies, which were evaluated for oxidase 
activity by using a phorbol 12-myristate 13-acetate (PMA)- 
stimulated nitroblue tetrazolium dye (NBT) test (8, 10). Myeloid 
colonies demonstrating intense staining with the formazan pre- 
cipitate were scored as positive. CD34+ cells were maintained in 
liquid culture for 17 days and analyzed for PMA-stimulated 
superoxide production by using a chemiluminescence assay (8- 
10). SDS/PAGE and immunoblotting were used to detect pro- 
duction of pA7f >hox protein in these cells (8, 10). 

A flow cytometry assay of oxidant production using dihy- 
drorhodamine 123 (DHR) loading of the cells also was per- 
formed (10, 12, 19, 20). At day 17, liquid cultures of normal 
CD34 + PBSCs undergoing myeloid differentiation contain 
10-12% granulocytes, which are the only cells that fluoresce 
brightly in the flow cytometry DHR assay after PMA stimu- 
lation (10). The DHR assay also was used to detect oxidase- 
positive neutrophils in vivo in the peripheral blood of patients 
after gene therapy (19, 20). Correction of peripheral blood 
neutrophils also was evaluated visually by NBT staining (21). 

Vector copy number in the ex Wvo-transduced CD34 + 
PBSCs was determined by Southern blot hybridization (22), 
and a PCR assay was used for detection of transduced p47P hOT 
cDNA present in vivo in peripheral blood leukocyte genomic 
DNA (23, 24). For the PCR assay, nested oligonucleotide 
primers derived from p47P hox cDNA sequence were designed 
to overlap exon junctions (14, 15) and were found empirically 
to amplify p47P hox cDNA sequence but not genomic sequence. 
The outer primer pairs are AGCACTAT/GTGTACATGT- 
TCC (bp 65-85, exons 1/2) and GACGTATGGCTCAC/ 
CTGCATAGTTG (bp 696-672, exons 8/7). The inner primer 
pairs are CTACGAGTTCCAT/AAAACC (bp 140-169, ex- 
ons 2/3) and CCGGTGATGT/ CTGTCGCGG (bp 481-443, 
exons 5/4). Two detection methods were used. The inner 
primer pair was used to produce a labeled sequence to probe 
the outer primer pair PCR product by Southern blotting or was 
used in a second PCR to amplify a specific nested PCR 
sequence from the first PCR product (24). 

Safety Testing of Patient Blood. Because all five patients 
have a protein null phenotype of p47P hox CGD, patient serum 
was tested for the development of antibody specific to p47P hOT 
by SDS/PAGE and immunoblot (8) detection of recombinant 
p4 7 phox Genomic DNA from patient peripheral blood cells 
was screened for the presence of replication competent ret- 
rovirus by using a PCR assay to detect sequence encoding 
amphotropic envelope (22, 24). 

RESULTS 

Ex Vivo Culture and Transduction of CD34+ PBSCs in 
Serum-Free Medium and Gas-Permeable Containers. Patients 
were free of active infection at study entry, though patient 1 
had recovered recently from a pneumonia. Blood studies were 
within normal limits except for mild anemia (all hematocrits 
were >26). As expected (16), granulocyte colony-stimulating 
factor mobilization of CD34 + cells to the peripheral blood of 
CGD patients was modest and varied among CGD patients. By 
day 5, the concentration of CD34+ cells had increased from 
baseline levels below two cells per yA in all patients to a level 
in patients 1 to 5 of 53, 27, 22, 81, and 13 CD34+ cells per 
respectively. Despite the apheresis procedure on day 5, these 
counts were similar at the time of the day 6 apheresis. Ten 
apheresis products were collected (2 per patient) averaging 
35 ± 3.7 X 10 9 mononuclear cells per product (mean ± SEM). 
After ISOLEX immunoaffinity selection, a mean of 125 ± 
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23.6 X 10 6 cells (n = 10) was recovered, at a median purity of 
80% CD34+ cells resulting in a median yield of 38%. 

After the 3 days of culture and transduction, each patient 
received two autologous products (Table 1, preparations A and 
B) without any symptoms or changes in vital signs. The total 
number of cells infused ranged from 0.1 to 4.7 x 10 6 cells per kg 
(Table 1). Transduced PBSCs averaged 91 ± 2.7% cell viability, 
had a colony plating efficiency of 104 ± 38.4 colonies per 1,000 
cells plated, and passed safety testing for sterility, endotoxin, and 
replication competent retrovirus. SDS/PAGE and immunoblot- 
ting demonstrated a strong positive signal for the presence of 
recombinant p47P hox protein in all of the transduced CGD PBSC 
cultures (Fig. 1, lanes B and C). Shown in Table 1 are studies 
performed on each product to assess the percent of cells express- 
ing CD34 antigen on culture day 3, correction of oxidase activity 
by chemiluminescence' and DHR assays on culture day 17, the 
percent of myeloid-colony-forming progenitors plated on day 3 
giving rise to oxidase-positive colonies, and the vector copy 
number in the transduced PBSCs. The data are consistent with 
preservation of a primitive phenotype and a high rate of gene 
transfer and functional correction ex vivo. Though not shown, 
nontransduced PBSC cultures from the 10 apheresis products 
from the five patients demonstrated less than 1% of normal 
chemiluminescence and DHR assay and gave rise to no NBT- 
positive myeloid colonies. When 17-day-cultured PBSCs from the 
CGD patients were compared with cultured PBSCs from normal 
individuals, similar numbers of granulocytes are present by 
morphological examination in transduced and nontransduced 
cultures of CGD PBSCs and in the cultures of normal PBSCs, but 
highly fluorescent oxidase positive cells were detected in the flow 
cytometry DHR assay only in transduced cell cultures from 
patients as reported in Table 1 and from normal individuals. 
Though not shown, the mean fluorescence per corrected patient 
granulocyte in the transduced cultures was similar to that seen 
with granulocytes derived from cultured normal PBSCs, suggest- 
ing full restoration of oxidase activity in gene-corrected granu- 
locytes ex vivo. 

Presence of NADPH Oxidase-Positive Neutrophils in the 
Peripheral Blood After Intravenous Administration of Ex Vivo 
Transduced Autologous CD34+ PBSCs. The flow cytometry 
DHR assay was used to measure the appearance of NADPH 
oxidase-positive granulocytes in the peripheral' blood after gene 
therapy. The dot plot shown in Fig. 24 demonstrates that the 
events generated from analysis of PMA-stimulated normal pe- ' 
ripheral blood granulocytes cluster in a tight band at the right side 
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Fig. 1 . Correction of p47P hQX protein deficiency ex vivo. These are 
SDS/PAGE immunoblots demonstrating detection of p47P hOT protein 
in transduced or control CD34+ PBSCs at culture day 17. The results 
for studies of patients 1 to 5 are shown from the top to bottom, as 
indicated. Shown in lanes A are the analyses of nontransduced cultured 
CD34+ PBSCS from each patient and as expected no signal is detected. 
Shown in lanes B and C are the analyses of cultured and MFGS- 
p47P ha Mransduced CD34+ PBSCs derived from the first and second 
apheresis products from each patient. Shown in lanes D as a posiu've 
control in each case is an analysis of nontransduced normal control 
CD34 + PBSCs cultured in parallel with the patient cells. 

of the graph, consistent with robust oxidase activation. As shown 
in Fig. 2B y analysis of PMA-stimulated blood granulocytes from 
patient 1 before gene therapy resulted in all but a single event to 
the left of the "positive threshold'* line, characteristic of absent 
oxidase function. At day 24 after gene therapy, PMA-stimulated 
peripheral blood granulocytes from patient 1 generated almost 80 
events appearing to the right of the "positive threshold" line in a 
tight cluster (Fig. 2Q with mean fluorescence intensity (x axis) 
similar to that of granulocytes from the normal control (compare 
Fig. 2 A and Q. Although the number of corrected cells is small, 
the data indicate that these gene corrected granulocytes from 
patient 1 have acquired oxidase activity similar to normal cells. 
Qualitatively similar results were obtained for the other four 
patients. To confirm the results of the DHR assay by direct 
visualization of individual neutrophils, an NBT stain of PMA- 
stimulated peripheral blood neutrophils was performed. In the 
example shown in Fig. 3 with blood from patient 1 at day 26 after 
gene therapy, 1 in 2,000 granulocytes was oxidase-positive, con- 
sistent with the count determined by DHR assay as reported in 
Fig. 4. 

Each patient was followed over time for detection of corrected 
granulocytes in peripheral blood (Fig. 4). In each subject no 
oxidase-corrected granulocytes were detected for at least 2 weeks 
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Evaluation of autologous PBSC after ex vivo transduction and culture 
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0.11 
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0.13 
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2(0.1) 
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*Each patient received by vein two preparations (Prep, A and B) of the transduced and cultured PBSCs derived from the first 
and second apheresis procedures, respectively. 

t At culture day 3 for each preparation, the number of cells shown (x 10~ 6 ) were infused intravenously. Shown in the parentheses 
is the total number of cells (X 10" 6 ) (A plus B) infused per kg of body weight. 
^Measured by flow cytometry analysis at the end of culture day 3. 
§Assays were performed on day 17 of culture. 
^Cells were plated at culture day 3 and assayed 14 days later. 

"Measured by Southern blot of genomic DNA from the transduced and cultured PBSCs, probed with a MFGS-vector-specific 
5' long terminal repeat sequence and a cell line with known vector copy number of 1 as a reference. 
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FLUORESCENCE 
(OXIDASE ACTIVITY) 

Fig. 2. Correction of neutrophil oxidase activity in vivo. These are 
dot plots of the flow cytometry DHR assays of oxidant production by 
PM A-stimulated peripheral blood granulocytes. Shown are analyses of 
granulocytes. (A) Normal volunteer. (B) Patient 1 before gene ther- 
apy. (C) Patient 1 at 24 days after gene therapy. Each event (dot) 
represents the analysis of parameters derived from a single cell. The 
data shown have been gated to include only events with the forward X 
side scatter characteristics of granulocytes. Data are plotted to eval- 
uate fluorescence (x axis) as a measure of oxidase activity and side 
scatter (y axis) as a means of distinguishing individual granulocytes 
(events). The "positive threshold" vertical line is set so that 95% of 
stimulated normal granulocytes are to the right of that line in the 
region defined as oxidase positive. 

after transplantation of the autologous transduced PBSCs. After 
that time, an increasing number of oxidase-positive granulocytes 
could be detected in the peripheral blood. The peak response 
occurred between day 25 (patient 3) and day 53 (patient 2) with 
a mean of 35 days. The maximum percent of oxidase-positive 
granulocytes at the peak ranged from 0.004% (patient 2) to 
0.051% (patient 1) with a mean of 0.019% (about 1 in 5,000 cells). 
The range of duration of detection of oxidase-corrected granu- 
locytes was 51 days (patient 5) to 172 days (patient 3) with a mean 
of 118 days. Of note is that the kinetics of appearance of 
oxidase-corrected cells did not rise to a single peak followed by 
a smooth decay over time but instead appeared to rise and fall 
several times over the duration of detection of positive signal. For 
example, patient 3 demonstrates five (possibly six) maxima at days 
25, possibly 32, 39, 53, 102, and 172. 

It is of note that the greatest number of transduced PBSCs were 
administered to patients 1, 3, and 4 in that rank order and that 
these same three patients showed the longest duration of detec- 
tion of corrected granulocytes. Furthermore, patients 1 and 3 had 
the highest peak number of such corrected granulocytes. Patients 
2 and 5, in that rank order, had far fewer transduced PBSC 
transfused and this correlated with patients 2 and 5, in that order, 




Fig. 3. Correction of neutrophil oxidase activity in vivo. This pho- 
tomicrograph shows NBT-stained PMA-stimulated neutrophils from 
peripheral blood of patient 1 at day 26 after gene therapy. The cytospin 
preparation is counterstained red-orange with safranin to visualize seg- 
mented neutrophil nuclei. Shown in the center is a single NBT-positive 
neutrophil that is partly obscured by the dense blue-black precipitate of 
formazan, a product of NBT reduction by superoxide. This amount of 
precipitate is evidence of vigorous production of superoxide by this 
gene-therapy-corrected neutrophil. A visual count of neutrophils on this 
slide showed that about 1 in 2,000 cells were NBT-positive. 

having the shortest duration and patient 2 having the lowest peak 
number of corrected granulocytes. Patients 1 to 5 have now been 
followed after gene therapy for 25, 23, 22, 21, and 20 months (as 
of August 1997), respectively, but no oxidase-positive cells have 
been seen in any peripheral blood DHR assay after the last data 
points shown in Fig. 4. PCR detection of the transduced fAl?**™ 
cDNA was performed on genomic DNA isolated from peripheral 
blood leukocytes as shown in Table 2 and confirms that a 
transient low level of gene marking of peripheral blood leuko- 
cytes occurred. 

Results of Safety Studies and Long-Term Clinical Follow Up. 

PCR assay of amphotropic envelope sequence failed to detect 
evidence of replication-competent retrovirus in peripheral blood 
leukocytes at 1, 3, 6, and 9 months after gene therapy. Similarly, 
serum samples were negative for anti-p47P hox antibodies at 1 and 
3 months after gene therapy. All five patients are currently stable 
without infection. Except for patient 1, the other four patients 
have had no deep tissue infections during the follow-up period, 
and hematologic, renal, and liver function tests are normal. 
Patient 1 had severe Burkholderia cepacia pneumonia 3 weeks 
after gene therapy, from which she recovered. During her pneu- 
monia oxidase-positive neutrophils were detected in an empyema 
by flow cytometry DHR assay and NBT stain, demonstrating that 
these gene therapy corrected cells were capable of migrating to an 
inflammatory focus. It is possible that host responses to this 
infection affected the peak level of gene corrected granulocytes 
seen in this individual. 

DISCUSSION 

LDur data demonstrate the appearance of gene-corrected oxidase- 
positive granulocytes in the peripheral blood of each of five 
patients with fATP*** CGD after PBSC-targeted gene therapy 
with vector encoding p47P hox . In patient 1, we also demonstrated 
that the gene-corrected oxidase-positive neutrophils could mi- 
grate from the circulation to a site of infection) Moreover, the 
kinetics of appearance of these functionally corrected granulo- 
cytes share similar characteristics in all patients. In all patients, the 
first appearance of oxidase-positive granulocytes required at least 
2 weeks, suggesting that engraftrnent, proliferation, and differ- 
entiation of the transduced PBSCs in the marrow was required. 
In all patients, there was an initial wave of oxidase-positive cells 
first peaking at 22-39 days followed by one or more waves (usually 
of much smaller magnitude) of oxidase-positive cells at intervals 
out to 6 months in some individuals. If this periodicity is real, it 
could be evidence of clonal succession where only a small subset 
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Fig. 4. Prolonged production of oxidase-corrected granulocytes in 
vivo. These bar graphs demonstrate over time the proportion of oxidase- 
positive neutrophils in the peripheral blood after gene therapy of the five 
CGD patients. For each data point, flow cytometry DHR assay was 
performed on peripheral blood leukocytes and the number of oxidase- 
positive neutrophils was determined as shown in Fig. 2. From top to 
bottom, the results from analyses of blood from patients 1 to 5, respec- 
tively, are shown. For all patients, the vertical axis (oxidase-positive 
neutrophils per 100,000 cells) is the same scale allowing direct visual 
comparison between patients. However, the horizonal axis is not pro- 
portional and the numbers beneath the data bars indicate the days of 
analyses relative to the first intravenous administration of transduced 
autologous CD34 + PBSCs and differ for each patient. 

of primitive progenitors in the marrow contribute to active 
hematopoiesis at any time (25). 

Most studies of gene marking of autologous PBSCs have 
subjected patients to the myeloablative conditioning usually 
associated with cancer therapy (ref. 26; for review, see ref. 27). 
Less is known about engraftment potential of autologous pro- 
genitors without ablative marrow conditioning. With some dis- 
orders such as adenosine deaminase-deficient severe combined 
immune deficiency or Fanconi syndrome, gene-therapy- 
corrected lymphocytes or hematopoietic progenitors may have a 
selective growth advantage over uncorrected cells (28-31). In 
reports of the use of transduced hematopoietic blood stem cells 
to treat adenosine deaminase-deficient severe combined immune 
deficiency without myeloablation, there is evidence of prolonged 
engraftment (30, 31). The three newborn infants with adenosine 
deaminase-deficient severe combined immune deficiency treated 
with transduced autologous cord blood stem cells show evidence 
of rising levels of gene-marked lymphocytes, though marking of 
myeloid cells remains very low-in a range similar to that seen in 
our present study (31). Because Correction of adenosine deami- 
nase deficiency should provide a selective growth advantage 
specifically to . lymphocytes, this finding might have been ex- 
pected. In addition, cord blood is a particularly rich source of stem 
cells and infants and very young children may be more receptive 
to engraftment of autologous cells. It remains to be seen whether 
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Table 2. PCR detection of gene marking 



Ptl 


Pt2 


Pt 3 


Pt4 


Pt 5 


Day* 


PCRt 


Dav 

j 


PCR 


Day 


PCR 


Day 


PCR 


Day PCR 


-6 




3 




_ o 
o 




0 




-15 - 


28 


+ 


24 


+/-* 


3 


_ 


29 


+ 


-3 - 


33 


+ 


28 




26 


+ 


33 


+ 


29 - 


124 




68 




55 


+ 


40 




34 + 


147 




93 




70 


+ 


65 




61 - 


241 




190 




92 




89 




82 - 


313 




357 




119 




118 




117 + 


362 




147 


+ 


132 




139 










175 




352 




335 










205 


















232 















Pt, patient. 

*Number of days before or after gene therapy. 

tVector p47P hO0t cDNA sequence detected (+) or not detected (-) in 

blood leukocytes. All + were <0.1% of cells marked. 
tThe +/- indicates positive signal detected by Southern blotting of 

the PCR product but not by nested primer detection. 

permanent high-level engraftment of autologous-gene-marked 
hematopoietic stem cells can be achieved in nonconditioned older 
children or adults, where gene transfer provides no selective 
growth advantage. 

We have demonstrated in a congenic mouse model system 
that low-dose nonablative radiation conditioning can increase 
greatly the engraftment of congenic marrow stem cells in a 
radiation dose-dependent manner (32). This suggests the 
possibility that acceptable regimens of marrow conditioning 
may be developed for hematopoietic-stem-cell-targeted gene 
therapy. Such conditioning might increase the level of gene 
marking from that seen in our current study to levels that could 
provide prolonged clinical benefit. 

The DHR assay of oxidase function provides strong evidence 
that low-level prolonged engraftment of gene-marked hemato- 
poietic progenitors can occur in human adults without marrow 
ablation or conditioning. Though the PCR confirmed this, PCR 
was not sensitive enough to detect marking at later time points 
where the flow cytometry DHR assay continued to indicate lower 
levels of oxidase-positive neutrophils. The PCR data demonstrate 
that the eventual disappearance of gene-corrected oxidase- 
positive granulocytes by DHR assays was not associated with 
continued presence in the peripheral blood of substantial num- 
bers of leukocytes marked with a nonfunctional transduced gene. 
Although we cannot exclude the possibility that silencing of 
transcription of the transduced oxidase gene is occurring, the data 
are more consistent with disappearance of transduced cells. This 
might happen if very early progenitors rather than permanently 
repopulating stem cells were targeted. Several published human 
clinical studies of hematopoietic-stem<ell-targeted gene transfer 
(26, 27, 30, 31) have demonstrated low-level engraftment of 
retrovirus-transduced gene in blood or marrow cells by using 
PCR. Although these studies indicate the presence of the trans- 
duced gene, assessment of gene function in the host, as in our 
study and others (33), provides an important additional insight 
regarding the clinical potential for gene therapy. How to target 
the most primitive stem cells and how to prevent transcription 
silencing in vivo remain important issues to resolve in future 
studies. 

An additional goal of this clinical trial was to develop and pilot 
the use of materials and methods that increase the safety ^of ex vivo 
gene therapy targeting hematopoietic stem cells. Animal pror 
teins, including fetal calf serum, are widely used as required 
supplements to most cell culture media. Animal proteins inter- 
nalized by human cells during prolonged culture may not be 
removed by centrifugation washing and can stimulate an immune 
response (34). Because gene therapy is in an early developmental 
stage, it is likely that any patients participating in these initial 
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studies will be treated again in the future at a time when such 
treatments are more efficient. If it is at all possible to limit 
exposure to animal proteins, particularly fetal calf serum, in these 
early studies without compromising the scientific goals of the 
study, then such a safety feature should be incorporated into the 
protocol. A second important safety feature incorporated into 
this study was a closed system of gas-permeable flexible plastic 
containers for culture and transduction. The closed system re- 
duces the contamination risk associated with pipetting cells and 
medium yet allows such handling to become a counter-top 
process. Biosafety cabinets are required at only a few steps and 
the system is compatible with techniques already used widely in 
most blood banks. We demonstrate that it is possible to incor- 
porate these safety features without compromising PBSC viability 
or transduction efficiency. 

The clinical potential of gene therapy is yet to be realized, and 
there has been considerable interest in defining both the scientific 
and clinical goals of human trials of gene transfer. In the case of 
CGD, where life-threatening infections may require many weeks 
or months of therapy and relapses are frequent, use of gene 
therapy to provide even short- to medium-term production of 
oxidase-positive autologous granulocytes may be clinically ben- 
eficial. This concept is supported by published studies of gene 
therapy in mouse models of both the X chromosome-linked 
(gp91P hox -deficiency) and p47P hox -deficiency forms of CGD that 
demonstrate that even transient partial correction of the oxidase 
defect is associated with some protection against infection chal- 
lenge (11, 12). Furthermore, in human female carriers of the X 
chromosome-linked form of CGD, the X chromosome inactiva- 
. tion that occurs during embryogenesis results in phenotypic 
mosaicism at the cellular level in which both oxidase-positive and 
oxidase-negative granulocytes can be detected in the peripheral 
blood (21). Because this is a stochastic process, some female 
carriers can be found who have only 3% to 5% oxidase-positive 
neutrophils yet do not suffer from an increased incidence of 
infection. The knockout mouse studies and the clinical observa- 
tions of X chromosome-linked CGD carriers suggest that even a 
short-term low level of gene correction in CGD could be clinically 
beneficial for treatment of severe prolonged infections. Until the 
tools are developed to achieve high-level permanent gene transfer 
to hematopoietic cells, our studies suggest that an achievable 
intermediate goal of development of gene therapy for CGD might . 
be to augment neutrophil function in the treatment of severe 
infections. 
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Functional Correctiai of Fanconi Anemk Gr up A Hematopoietfc Cells by 

Retrovird Gene Transfer 

By Kai-Ling Fu, Jerome R. Lo Ten Foe, Hans Joenje, Kathleen W. Rao, Johnson M. Liu, and Christopher E. Walsh 



Fanconi anemia (FA) is an autosomal recessive genetic disor- 
der characterized by a variety of physical anomalies, bone mar- 
row failure, and an increased risk for malignancy. FA cells ex- 
hibit chromosomal instability and are hypersensitive to DMA 
cross-linking agents such as mitomycin C (MMC). FA is a clini- 
cally heterogeneous disorder and can be functionally divided 
into at least five different complementation groups (A-E). We 
previously described the use of a retroviral vector expressing 
the FAC cDNA in the complementation of mutant hematopoi- 
etic cells from FA-C patients. This vector is currently being 
tested in a clinical trial of ex vivo hematopoietic progenitor 
cell transduction. The FA-A group accounts for over 65% of all 
FA cases, and the FAA cDIMA was recently identified by both 
expression and positional cloning techniques. We report here 

FANCONI ANEMIA (FA) is an autosomal recessive 
disorder clinically manifested by bone marro w (BM) 
failure , divers e developmenta 1 anomalies , and cancer suscep- 
tibility . Although FA patient s are phenotypicall y heteroge- 
neous, the hematologi c abnormalitie s are the most clinically 
significant. 1 The hallmar k of the disease is the hypersensitiv- 
ity of FA cells to DNA bifunctiona 1 cross-linking agents 
such as mitomycin C (MMC) and diepoxybutan e (DEfe). 
FA cells exposed to these clastogenic agents in vitro repro- 
ducibly develop chromosomal aberration s and die by 
apoptosis. 

Soman* c cell hybridizatio n studies have establishe d at least 
five complementatio n subtypes (A-E). The FA-A group is 
the most prevalent , comprising 60% to 70% of FA cases 
studied. 3 The identificatio n of theF^4 cDNA was recently 
describe d using a positional and an expression cloning strat- 
egy 5 previously used to identify th eFAC cDNA. FAA is 
located on chromosom e 16q24.3 and encodes a predicted 
protein of 163 kD. The predicte d FAA and FAC protein s 
have no homologies to each other or to other known proteins, 
suggestin g a novel cellular pathwa y for maintenanc e of chro - 
mosomal stability. 
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the transduction and phenotypic correction of lymphoblastoid 
cell lines from four unrelated FA-A patients, using two ampho- 
tropic FAA retroviral vectors. Expression of the FAA transgene 
was adequate to normalize cell growth, cell-cycle kinetics, and 
chromosomal breakage in the presence of MMC. We then ana- 
lyzed the effect of retroviral vector transduction on hematopoi- 
etic progenitor cell growth. After FAA transduction of mutant 
progenitor cells, either colony number or colony size increased 
in the presence of MMC. In addition, FAA but not FAC retroviral 
transduction markedly improved colony growth of progenitor 
cells derived from an unclassified FA patient FAA retroviral 
vectors should be useful for both complementation studies 
and clinical trials of gene transduction. 
© 1997 by The American Society of Hematology. 

Cell fusion studies can reliabl y assign FA patient s to com- 
plementatio n groups , becaus e patient s functional! y classified 

as FA-C turne d out to have pathogeni c mutatioit4CLn' 
Mutatio n screenin g oFAC has shown at least 8 pathogeni c 
mutatioWS4 + 4 A to T and 322delG being the most 
prevalent. 7,8 Four mutation s have so far been reporte d in 
FAA and work is in progres s in several laboratorie s to deter- 
mine the mutatio n spectra m in FA-A patients . 

Therap y for FA is directe d at the hematologi c manifestations, 
typically the most life-threatenin g complications . BM aplasia 
is usially treate d with androgen s and supportiv e care. Alloge- 
neic BM transplantatio n (BMT) from a histocompatibl e sibling 
donor is the treatmen t of choice for patient s with severe disease 
who have a suitabl e donor . FA patient s who underg o HLA- 
identical sibling BMT have a 2-year survival probabilit y of 
66%, but only 29% after altemativ e donor transplahtAl- 
though BMT is potentiall y curativ e of the hematologi c pathol- 
ogy, patient s may go on to develop secondar y malignancies , 
often solid tumor s of the head and neck. Umbilical cord blood 
transplantatio n has also been successfully applied for FA pa- 
tients. 10 For FA patient s lacking a suitable stem cell donor, 
other approache s to treatmen t are needed. 

Gene augmentatio n therap y entails the insertion of a nor- 
mal gene into an appropriat e targe t cell to correc t the func- 
tion of a defective gene. Viral vectors are currentl y the pri- 
mary vehicles due to their efficiency in entering and 
transferrin g genetic materia 1 into cells. Using two different 
viral vectors, we previously described the genetic comple- 
mentatio n of FA-C lymphobIastsV ;l2 Recombinan t virus 
transductio n of thtfvlCcDNA into FA-C CD34* hemato- 
poietic progenitor cells improved their survival and clono- 
genic growth . This in vitro survival advantag e of corrected 
FA-C cells suggested that FAC-transduce d hematopoietic 
progenitor cells might have a selective advantag e in vivo 
and led to the first FA clinical gene therap y n-MlJn this 
report , we describ e the developmen t of two retrovira 1 vectors 
for the complementatio n of group A FA hematopoieti c cells. 

MATERIALS AND. METHODS 

Viruses and cells. All lymphoblas t cell lines were grown in 
RPM1 containing 15% heat-inactivate d fetal calf serum and gluta- 



3296 



Blood, Vol 90, No 9 (November 1), 1997: pp 3296-3303 



RETROVIRAL-MEDIATED CORRECTION OF FA-A CELLS 



3297 



mine as previously described. 2 P A3 1 7' 4 and GP+ E86 15 cell lines E. Vanin , St Jud e Children' s Researc h Hospital , Memphis , TN)< 5 
were grown as previousl y described. 10 5 NIH 3T3 cells were incubate d with variou s amount s of retrovira 1 

FA-A patients and cell lines. Patient s ,1 (43-year-ol d woman), supernatan t and allowed to incubat e overnight . Genomi c DNA was 
and 2 (6-year-old girl) were assigned to complementatio n group A isolated and 10/ig DNA digested mthNhe I. A 300-bpMrt VPst 1 
by somatic cell hybridizatio n and/or mutationa 1 analysis (H. Joenje, probe (gift from Dr E. Vanin) from the pGl backbpn e was used 
A. Auerbach , unpublishe d observations) . Patient 3 (8-year-old girl) for hybridization . Supernatan t from the previously defined FA-C 
was previousl y unclassified by FA complementatio n group . The fol- complements g retrovira 1 produce r cell line no. ^fl* a func- 
lowing lymphoblastoi d cell lines were used, characterize d as FA-A tiona 1 titer of 5X 10 6 neomycin-resistan t colonies/mL, was used a 
by cell fusion experiments : HSC72 , which is the origina 1 reference positive control . BffihC and FAA retrovira 1 vectors were gener- 
group A patien t reported, 6 VU5, 3 EUFA471, 5 and EUFA528 (un- ated from the same pG 1 vector backbon e to which the prob e hybrid - 
published observations) . All patient s were diagnosed as having FA izes. Extended marke r rescue assay for detection of helper virus was 
on th e basi s of clinica 1 symptom s an d a positiv e chromosoma 1 break- performe d as previousl y described 

age test. Confirmatio n of me group assignment by mutation screening Retroviral gene transfer of Epstein-Barr- transformed lympho- 
id currentl y in progres s and will be reporte d elsewhere. blasts. Lymphoblast s (IX 10 5 cells/mL) were incubate d with an 

Generation of ampho tropic producer clone. The 5.5-kb FAA equal volume of viral supernatan t containing protamin e sulfate (5 
cDNA was subcloned into theVo/ 1 site of the pG 1 retrovira 1 vector /ig/mL). Cells were grown in RPM I supplemente d with 15% fetal 
to create pGl-FAA5.5. The pGl vector is based on the Moloney calf serum for 2 days before 10 nmol/L mitomycin C (MMC) 
murin e retroviru s and does not contai n eukaryoti c selection markers. (Calbiochem , La Jolla , CA) was added . Cells were maintaine d in 
The FAA cDNA is driven by the Moloney murin e retroviru s long media containing 10 nmol/L MMC. Non- virus-infected lympho- 
termina 1 repea t (LTR ) promoter . TWAA terrninatio n and polyade- blasts yielded no viable cells after 5 weeks following dm g selection, 
nylation signals are maintaine d in this construct . A truncate d 4.3-kb MMC sensitivity assay. Cell sensitivity to MMC was assayed as 
FAA cDNA version (pGl-FAA4.3), lacking the 3 untranslated previousl y described. 12 Lymphoblast s were plated at K 10 5 cells/ 
region, was generated using theTransforme r Site-Directe d Mutagen- mL in 24-well plates . Increasin g concentration s of MMC were added 
esis Kit (Clontech , Palo Alto, CA) and a mutageni c primer*<0TG- and after 4 days, cellular viability assayed by trypa n blue exclusion. 
GCAGAGCTG CTGGCTG AAAGCT AGCTAGCGGCCGCTCGA- Sample s were performe d in duplicate. 
GGC 3) accordin g to the manufacturer' s protocol . This produce s a Flow cytometry. Lymphoblast s were incubate d at 2 10 5 cells/ 
truncatio n at nt 4302 leading to a loss of 94 bp in tiRAA open mL with 100 nmoVL MMC for 48 hours or 10 nmol/L MMC for 5 
readin g fram e (ORF). The vector/inser t junction s were verified by to 7 days. Cell nuclei were stained with propidiu m iodine using 
sequencin g (Sequenase ; US Biochemicals , Cleveland , OH) . Th e ter- CycleTts|Becton Dickinson , Frankli n Lakes , NJ ) as describe d by 
minatio n and polyadenylatio n signals reside in the BTR. the manufacturer . Stained cell nuclei were analyzed by FACSCAN 

The pGl-FAA4.3 plasmid was cotransfecte d with a plasmid car- (Becton Dickinson, Frankli n Lakes, NJ) using Cytomatio n Cicero 
rying the neomycin resistanc e (N$ gene by calcium phosphate Software (Fort Collins, CO). Cell-cycle analysis was performe d us- 
coprecipitatio nintothePA317amphotropi c packagin g cell line. Two in g MODFI T LX 2.0 (Verity Software House, Topsham , ME), 
days later , the cells were trypsinized , replated , and placed under Cytogenetic breakage. Lymphoblas t culture s were analyzed for 
G418 (Geneticin; GIBCO/BRL , Gaithersburg , MD) selection (500 cytogenetic breakag e and exchange figures (radial formation ) by 
//g/mL, active). Individua I resistan t colonies were isolated and ana- exposur e to MMC (40 ng/mL final) for 2 days in the dark . Culture s 
lyzed for the presenc eof viral RNA by dot-blot hybridization .High- were obtaine d after a 90-minut e exposur e toig/mX colcemid 
titer produce r clones were expanded and genomic DNA isolated, and lOj/g/mL ethidium bromide . After a 10-minut e treatmen t with 
Alternatively , the pGl-FAA4. 3 plasmid was transfecte d into the GP 0.075 mol/L KC1, the cells were fixed with a 3:1 mixtur e of metha- 
+ E86 ecotropi c packagin g cell line grown in media containin g 5 nol:aceti c acid. Slides were prepare d using wet slides, air dried , and 
mmol/L sodium butyrate . After 2 days, the cell supernatan t was stained with Wright' s stain. Fifteen or 50 metaphas e figures from 
removed , filtered , admixe d with polybren e (4/mL), and incubated each cultur e were scored for obvious breaks , gaps larger than a 
with PA317 cells. Sequentia 1 supernatan t infection was repeated chromati d width, and exchange figures, 
twice before PA317 cells were diluted and individua 1 colonies ob- Transduction of CD34 progenitors. BM samples were obtained 
tained . Produce r clone 6.9 was identified as a high-titer unrearranged after receiving informe d consent on a protoco 1 approve d by the 
producer clone after dot-blot analysis for viral RNA and Southern Institutiona 1 Review Board of the University of North Carolin a Med- - 
blot analysis of the provira 1 genome. Genomic DNA was digested ical School. Somatic cell hybridizatio n studies indicated that patient 
with A%e I and Souther n blot hybridizatio n performe d using ammo- 1 belonged to the FA-A complementatio n group (H. Joenje , unpub - 
nium acetate buffeF and nylon transfer (HybondH Amersham, lished). Genomic analysis of DNA from patient 2 showed compound 
Arlingto n Heights , IL). The blot was probe d with&mHI fragment heterozygou s deletion s in ih<FAA coding sequenc e (A. Auerbach , 
P 32 rando m primer-labele d fragmen t of ttfeM cDNA. unpublished) . Patien t 3 had not previousl y been assigned to a FA 

The plasmi d pGlFAA-5. 5 was cotransfecte d into GP E86 cells complementatio n group . Mononuclea r cells were isolated from the 
with the Neo* plasmid by calcium-phosphat e coprecipitation . Neo- marro w by lymphocyt e separatio n medium (Organo n Teknika , Dur- 
mycin-resistan t colonies grown in G41 8 (50^g/mL, active) were ham , NC) and CD34-enriche d cells immunoselecte d using a CellPro 
screened for viral RNA production . Producer clones were identified column (Bothell, WA) as previously descfibgfl)34 + cells were 
by viral RNA dot-blot analysis; Southern blot analyses confirmed incubated overnight in Dulbecco's modified essential media 
unrearrange d provira 1 genomes in these cell lines. High-titer eco- (DMEM) containing 10% fetal calf serum, 100 ng/mL stem cell 
tropi c produce r lines 1.16 and 2.16 were identified . Supernatan t from factor (SCF; Amgen, Thousan d Oaks , CA), 25 ng/mL interleukin- 3 
these cell lines was used to infect PA31 7 cells twice daily for three (1L-3 ; Sandoz, East Hanover , NJ), and 50 ng/mL interleukin- 6 (IL- 
days. Individua 1 colonies were established by limiting dilution and 6; Sandoz). Cells were then incubate d with retrovira 1 supernatan t 
analyzed for the presence of viral RNA and intact provira 1 genome. from clone 17 an^SnL protamine . Incubation s were repeated 
Two high-titer produce r clones 17 and 29 were identified and used twice daily for 2 days. Cells were plated at 20,000/plate and then 
in our studies. analyze d for colony formatio n as previousl y descrit&Ln separate 

Vira 1 titer of the produce r lines was assessed by semiquantitative experiment s using CD34 cells from patien 1 3, both FAA and FAt 
Souther n blot analysi s (unpublishe d results , metho d provide d by Dr retrovira 1 transductio n studie s were performed . CD34-immunose- 
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pG1 FAA 5.5 



pGI FAA 4.3 



Fig 1. Schematic diagrams of FAA retroviral vec- 
tor constructs. A general schema for the two retrovi- 
ral constructs used is shown with the FAA coding 
region subcloned as a Not I fragment into plasmid 
pG1 (top). (Bottom) The FAA cDNA is driven by the 5' 
hybrid long terminal repeat (LTR) of murine moloney 
sarcoma virus; psi itft) retroviral packaging signal; 
TAG represents a mutation in authentic start codon 
in the molony murine leukemia virus gag. 



lected cells isolated from the umbilica 1 cord blood of a norma 1 new- 
born were used as control. 

RESULTS 

Generation of FAA amphotropic producer clones. The 
FAA vector plasmid s ar e shown in Fig 1. pGlFAA5.5 was 
derived by insertin g the 5.5-kb cDNA, isolated from expres- 
sion cloning, into the plasmid pGf? This cDNA contains 
an open readin g fram e of 4,368 bp, a 31-br/ Untranslated 
region (UTR) and a 1.1 -kb 3UTR. The sequence upstream 
of the first ATG has poor homology to a Kozak consensus 
sequence, and a polyadenylatio n signal was not found. The 
plasmi d pGlFAA4. 3 contain s a truncate d cDNA lacking the 
3' region . Thi s truncate d FAA vector was generate d to deter- 
mine if the 3 UTR affected FAA retrovira 1 expression . Am- 
photropi c produce r clones for each vector were derived from 
PA317 cell lines. Genomic DNA subjected to restriction 
enzyme digestion mthNhe I, which cuts once within each 
LTR , was analyze d by Souther n blot hybridizatio n (dat a not 
shown). The predicte d 6.3- and 5.3-kb fragment s were de- 
tected , indicatin g unrearrange d proviru s from FAA5.5 clone 
17 and FAA4.3 clone 6.9. Provira 1 copy number was deter- 
mined by comparison s with dilutions of plasmid pGlFAA 
estimate d to give 0.5 to 2 copies/cell. Souther n blot analysis 
(data not shown) indicated that produce r clones 17 and 6.9 
had 10 and 3 copy number equivalents , respectively . Titers 
of each clone were determine d by compariso n with a pro- 
ducer clone of known copy number/^ C producer clone 
52: 19). 12 Viral supernatant s were incubated overnight on 
N1H 3T3 cells, genomic DNA isolated and digested with 
Nhe I, and Souther n blot hybridizatio n performed . The probe 
used hybridize s to all pGl-base d vectors . The titer s of FAA 
5.5/17, 5.5/29, and FAA4.3/6.9 were estimated at * 10 6 , 
3 X 10 6 , and 1 X 10 6 , respectively, particles/m L (data not 



shown). Supernatan t from each clone. was analyzed for repli- 
cation-competen t retrovira s using an extended rescue 
assay. 19 No replication-competen t retrovira s (RCR) was de- 
tected from any of the produce r clones (data not shown). 

Retroviral-mediated gene transfer and phenotypic correc- 
tion of FA-A lymphoblasts. Epstein-Bar r vim s immortal- 
ized lymphoblast lines established from FA patients were 
confirme d to be FA-A subtyp e by somati c cell hybri d com- 
plementatio n and mutationa 1 analyses. After viral superna- 
tant infections, each cell line was incubate d with low doses 
of (10 nmol/L) MMC for at least 4 to 6 weeks to select for 
complemente d cells. MM C resistanc e was then measured 
by incubatin g cells at various concentration s of MMC to 
determin e drug sensitivity. All the mutant (parental ) lines 
were markedl y sensitive to MMC , with an effective drag 
concentratio n yielding 50% reductio n in cell viability (£$ 
of 2 to 5 nmol/L MMC (Fig 2). However, in marke d contrast, 
retroviral-transduce d lymphoblast s were significantl y less 
sensitive to MMC and equivalent in resistance to 
lymphoblast s establishe d from norma 1 donors . The £©f 
both norma 1 and correcte d lymphoblast s was greater than 
100 nmol/L. Correctio n to norma 1 was observed in all cell 
lines tested and with both retrovira 1 constructs . Confirmation 
of integrate d proviru s vFAA gene-correcte d cells was' per- 
formed by Souther n hybridizatio n of genomic DNA digested 
with Nhe I (Fig 3). 

Restoration of cell-cycle progression. Cell-cycle arrest 
and loss of cellular proliferativ e capacity are the hallmarks 
of FA. FA cells typically respon d to DNA damag e induced 
by MMC with a delay in the G2 phase of the cell cycle. We 
teste dFAA gene-correcte d cells to determin e if complemen - 
tation resulted in relief of the G2 checkpoint delay. FA-A 
cells in each phase of the cell cycle were analyze d by propid - 

ium iodide stainin g and flow cytometr y (Fig 4). The percent- 
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Fig 2 MMC sensitivity of FAA-retroviral transduced lymphoblasts. Plot of cell survival of FAA parental and retroviral-transduced cell lines 
after incubation with varying concentrations of MMC. MMC sensitivity of lymphoblasts derived from a normal individual is shown. All data 
points are the results of quadruplicate determinations (SEM < 5%). Open symbols represent FAA mutant parental cell lines, c osed symbols 
represent retroviral-transduced cell lines, (• 0 indicates retroviral-transduced cell Ime vvhh vector F^^ 
are represented by the solid line <— ). (-*->. HSC 72; (- -A- -), EUFA 528; (^#-1, HSC ****** " * 
(_ EUFA 528/Retro29; (-■->, normal; (- -V- -), EUFA 471; EUFA 005; (-B-), EUFA 471/Retro17; (—*—), EUFA 005/ 

Retro17. 

age of FA-A cells in the G2 phase was increased* when 
compared with normal individuals. Incubation of uncor- 
rected mutant FA-A cells with either low-dose MMC (10 
nmol/L) for 1 week or 100 nmol/L for 2 days had the ex- 
pected effect of increasing the percentage of cells in the G2 
phase (Fig 4). Table 1 summarizes the cell-cycle results 
from five separate experiments. Three different mutant FAA 
lymphoblast cell lines and three different normal 
lymphoblasts were studied. Statistical analysis of the per- 
centage of cells in the G2/M cell fraction showed a signifi- 
cant difference (.02 >P> .01, Student's /-test) when mutant 
FAA lymphoblasts (35%) were compared with either normal 
(14.8%) or virus-transduced cells (18.6%) in the presence 
of MMC. The corrected FA-A cells showed normalized cell- 
cycle kinetics in both the presence and absence of MMC 
(Table 1). No significant change in the number of cells in 
Gl/S was observed following the addition of MMC. 

Chromosomal breakage analysis of gene-corrected FAA 
cells. Exposure of all FA cell types to DN A cross-linking 
agents such as MMC results in a characteristic increased 
frequency of chromosomal breakage and aberrations. Ret- 
roviral-transduced FA-A lymphoblasts were analyzed for 
chromosomal breakage following incubation with MMC. As 
shown in Table 2 and Fig 5, the mutant HSC 72 and EUFA 
528 lines have a spontaneous breakage rate comparable with 
normal cells. After drug exposure, the percentage of mutant 
cells with chromosomal breaks increased dramatically as 
Rg 3. Southern blot analysis of FAA-transduced lymphoblast cell expected. Complementation with the FAA cDNA led to de- 
lines. Genomic DNA was isolated from two cell lines transduced with crease( j chromosomal breakage rates for both lines tested. 

either vector FAA 5.5 or F ^«^?^.^»C^^ Transduction of primary hematopoietic cells. BM hema- 
with probe to FAA. The expected bands (6.5 kb and 5.3 kb) represent M '" M J * ' r „ afl wc u/ptp aq- 

unrearranged proviral form in each cell line. topoietic progenitor cells from three FA patients were as- 
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Fig 4. Cell-cycle kinetics of 
corrected FAA cells. The effect of 
mitomycin C on DNA flow cy- 
tometry histograms of retrovirai- 
transduced rymphoblasts. The 
transduced and parental FAA 
ceil line EUFA 528 were incu- 
bated in the presence and ab- 
sence of MMC. Cells were har- 
vested, stained with propidium 
iodide, and DNA histograms ob- 
tained 48 hours after cells were 
exposed to 100 nmol/L MMC. 
EUFA 528, parental FAA line; 
EUFA 528/29, retroviral-trans- 
duced cell line. -/+ refers to the 
presence and absence of MMC. 
Trie percentage of cells in the G1 
and G2/M fractions are indi- 
cated. 



sayed for colony growth after transduction with our FAA 
retroviral vector. All three patients were pancytopenic and 
had not received any treatment before donating BM cells. 
Recent BM morphology showed hypoplasia without blasts 
and normal karyotypes. BM aspiration, mononuclear cell 
collection, and CD34 + cell enrichment were performed. 
Transduction was done over a 3-day period with resuspen- 
sion in fresh media and viral supernatant each day. After 
infection, cells were plated in methylcellulose .in both the 
absence and presence of MMC. Colony growth increased 
slightly following FAA virus transduction of cells from pa- 
tient 1 (see Table 3A). More dramatic was the morphologic 
difference in the size and type of colonies present following 



Table 1. Cell-Cycle Analysis 



% Cells (mean ± SD>» 



Cell Type 


Condition 


G1/G0 


S 


G2/M 


FAA 


-MMC 


69.9 (4.0) 


17.7 (6.3) 


12.2 (2.8) 




+MMC 


52.9 (13.0) 


11.7 (6.4) 


35.0 (7.8) 


FAA/Retro 


-MMC 


65.8 (5.3) 


22.1 (6.2) 


12.0 (3.4) 




+MMC 


60.0 (10.8) 


20.5(7.9) 


18.6 (3.8)t 


Normal 


-MMC 


63.0(3.6) 


• 27.9(4.5) 


8.8 (0.7) 




+MMC 


59.0(11.4) 


. 26.2 (9.1) 


14.8 (3.9)t 



* Results of 5 separate experiments. Three different FAA mutant 
cell lines and 3 different normal lymphoblast cell lines were used, 
t Significant at .02 > P > .01 using Student's f-test. 



transduction. Mock-transduced colonies were small and 
granulocytic in appearance, whereas transduced colonies 
were more robust (larger) and BFU-E, CFU-GM, and CFU- 
GEMM were observed. As expected, when mock-transduced 
cells were incubated with low concentrations of MMC, the 
colony numbers decreased. In contrast, transduced colonies 



Table 2. Cytogenetic Analysis of FAA lymphoblast Cell Lines 



Cell Une 



Condition* 


Radialst* 


Breakages 


-MMC 


0/15 


3/15 


+MMC 


7/15 


- 15/15 


' -MMC 


0/50 


0/50 


+MMC 


4/50 


15/50 


-MMC 


0/45 


1/45 


+MMC 


23/45 


39/45 


-MMC 


0/45 


2/45 


+MMC 


0/45 


2/45 


-MMC 


0/50 


0/50 


+MMC 


0/50 


0/50 



HSC 72 
HSC 72 
HSC 72/Retro 
HSC 72/Retro 
EUFA 528 
EUFA 528 
EUFA 528/Retro 
EUFA 528/Retro 
lymphoblasts-NMLII 

Lymphoblasts-NML _ _ _ 

* Cells were incubated in the absence or presence of 40 ng/mL MMC 
for 36 hours. 

t The number of exchange figures (radials)/number of metaphases 
analyzed. 

t Greater than 20% radial formation is diagnostic for FA. 
§ Number of chromosome/chromatid gaps, fragments, and radials/ 
number of metaphases analyzed. 
U Normal lymphoblasts. 
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MMC. 



(that were significantly larger in size) grew in the presence 
of low concentrations of MMC. 

Due to limited number of CD34 + cells obtained from 
patient 2, cells were transduced but not incubated with MMC 
(Table 3B). In the absence of virus transduction no progeni- 
tor colonies were observed. In marked contrast, a significant 
increase in colony number was observed following virus 
transduction. 

Transduction of CD34 + progenitor cells from an untyped 
(unknown complementation group) FA patient (no. 3) was 
also performed (Table 3C) using both FAA and the FAC 
retroviral infection. Baseline colony growth was inhibited in 
the presence of 1 .0 nmol/L MMC. In the absence of MMC,' 



Table 3. Colony Growth After Retroviral FAA 
Transduction of CD34 Cells 



Condition (virus/MMC) 


BFU-E 


Colony 
No* 

CFU-GM 


CFU-GEMM 


A. Patient 1 








-Virus/-MMC 


1 


15 


1 


+Virus/-MMC 


0 


30 


3 


-Virus/+MMC 


0 


8 


0 


+Virus/+MMC 


0 


25 


2 


B. Patient 2 








-Virus/-MMC 


0 


0 


0 


+Virus/-MMC 


4 


24 


16 


C. Patient 3 








-Virus/-MMC 


10 


40 


7 


-Virus/+MMC 


0 


6 


0 


+FAA virus/- MMC 


26 


115 


12 


+FAA virus/+MMC 


14 


50 


8 


+FAC virus/- MMC 


26 


46 


6 


' +FAC virus/+MMC 


1 


10 


0 


D. Umbilical cord 








blood 








-Virus/-MMC 


20 


52 


16 


-Virus/+MMC 


22 


48 ' 


14 



* The number of progenitor colonies (>50 cells/colony) measured 
at day 15 in methylcellulose culture. Results are expressed as colony 
no72 x 10 4 CD34 + cells plated. Samples were performed in duplicate 
and results are expressed as mean colony number. The MMC concen- 
tration was 1.0 nmol/L in all experiments. 



colony growth increased after incubation of cells with FAA 
but not the FAC retroviral supernatant. More impressively, 
in the presence of MMC, colonies resistant to MMC grew 
only after FAA transduction. Results of colony growth using 
CD34 cells from umbilical cord blood from a normal new- 
born are shown for comparison (Table 3D). 

Finally, CD34-enriched progenitor cells from a known 
FA-C patient were transduced with the FAA retroviral vector 
and plated in colony culture. No growth was observed either 
with or without MMC (data not shown). 

. DISCUSSION 

We report here the functional complementation of FA-A 
hematopoietic cells using two amphotropic retroviral vector 
constructs. Phenotypic correction was determined by three 
different functional assays, namely, the resistance to 
MMC-induced cell death, insusceptibility to chromosomal 
breakage, and the restoration of normal cell-cycle kinetics. 
Complementation and correction occurred in four FA-A lym- 
phoblastoid cell lines. Stable maintenance of the provirus 
was determined in all cases. Complementation of FA-A cells 
with these viral vectors has implications for the diagnosis, 
treatment, and pathophysiology of FA. 

The FAA cDNA is 5.5 kb in length, making it too large 
for small viral vectors, such as the adeno-associated virus 
(AAV). Consequently, we tested truncation mutants of FAA 
for the ability to complement. The 4.3-kb FAA fragment 
leads to an incomplete open reading frame that lacks 32 
amino acids from the carboxyl-terminus. Unexpectedly, this 
fragment complemented HSC 72 and two other FA-A 
lymphoblastoid cell lines (K. Fu, unpublished data), sug- 
gesting that this shorter fragment of FAA may be functional. 

Phenotypic complementation using recombinant viral vec- 
tors may be useful in assigning patients to either the FA- 
A or FA-C complementation group (collectively constitute, 
nearly 80% of FA cases in the European and North American 
registries). For example, a D195V polymorphism in FAC 
was identified in the cell line EUFA 123. 21 We were able to 
demonstrate retroviral complementation using an FAA vector 
but not an FAC vector, confirming that the line belongs to 
the FA-A group (K.L. Fu et al, submitted). Group assignment 
using this approach was applied here to an unclassified pa- 
tient (no. 3). Progenitor growth improved dramatically only 
following FAA transduction. This result not only validates 
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our F AA vector but suggests that retroviral gene transfer can 
assign patients to a FA complementation group. 

Recently, immune reactivity to the neomycin phospho- 
transferase gene product has been described in patients who 
underwent cell transduction with viral vectors containing 
Neo R . 22 Removal of the Neo R gene from amphotropic retrovi- 
ral vectors therefore may be desirable. In this study we used 
the unique characteristics of the FAA gene to generate com- 
plemented cells by selection solely on the basis of resistance 
to MMC-induced death. In contrast to our previous work 
(which used neomycin-selected stable transfectants), we 
used the inherent selection property of the FAA gene as the 
determinant of retroviral transduction. 

The rescue and growth of transformed lymphoblasts and 
primary hematopoietic cells further support our hypothesis 
that restoration of corrected FA genes provides a selective 
advantage over mutant cells. Improved FA cell viability after 
transduction may result from resistance to apoptosis. Recent 
reports indicate that FA-C mutant cells are hypersensitive to 
apoptosis, and that complementation with the normal FAC 
cDNA confers resistance to apoptosis. 23,24 Hematopoietic 
progenitor cells from fac knock-out mice are hypersensitive 
to interferon-')' (IFN-y), possibly through apoptotic mecha- 
nisms. Conversely, overexpression of FAC cDNA in hemato- 
poietic cells of transgenic mice may confer resistance to Fas- 
mediated apoptosis. 25 

Rare patients with Fanconi anemia are phenotypically mo- 
saic, meaning that one population of cells from such a patient 
is hypersensitive to DNA cross-linking agents while another 
subpopulation is normally resistant. 26 Analysis of mosaicism 
in FA patients indicates that spontaneous intragenic mitotic 
recombination and/or gene conversion occurred, resulting in 
the loss of one pathogenic mutation; this genetic reversion 
may lead to an improved phenotype. 27 Spontaneous reversion 
to normal from an inherited mutation has been observed in 
vivo in FA patients, with apparently improved hematopoie- 
sis. Clonal hematopoiesis in these patients suggests that re- 
version occurred in single hematopoietic stem cell. Pheno- 
typic reversion is not unique to FA but has also been reported 
in patients with adenosine deaminase deficiency 28 and ataxia 
telangiectasia. 29 This observation argues that FA gene-cor- 
rected cells may have a selective advantage in vivo. ■ 

Currently, a trial of hematopoietic progenitor cell trans- 
duction is being conducted at the Clinical Center of the 
National Institutes of Health for FA-C patients lacking a 
compatible BMT donor. The study thus far has confirmed 
that transfer of the FAC cDNA to multipotential progenitor 
cells is possible. Function of the wild-type FAC cDNA is 
suggested by the marked increase in progenitor numbers 
and MMC-resistant colonies with successive cycles of gene 
transduction in the three patients studied thus far. Coincident 
with this expansion in progenitor growth, two of the patients 
also had transient improvement in BM cellularity. These 
findings are encouraging regarding the potential utility of FA 
gene transfer in amelioration of the hematopoietic pathology. 
The FAA retroviral vectors described here should be evalu- 
ate in clinical trials designed on the basis of information 
learned from the FA-C trial. 
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01: U01882. Homo sapiens SS-A...[gi:499209] Related Sequences, OMIM, Protein, PubMed, Taxonomy, LinkOut 



LOCUS 

DEFINITION 

ACCESSION 
VERSION 
KEYWORDS 
SOURCE 

ORGANISM 



REFERENCE 
AUTHORS 
TITLE 

JOURNAL 
MEDLINE 
REFERENCE 
AUTHORS 
TITLE 



HSU01882 13270 bp DNA PRI 26-NOV-1997 

Homo sapiens SS-A/Ro autoantigen 52 kda component gene, complete 
cds. 
U01882 

U01882.1 GI: 499209 • 

human. * 
Homo sapiens ' 

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi ; 
Mammalia; Eutheria; Primates; Catarrhirii; Hominidae; Homo. 

1 (bases 1 to 13270) 

Chan,E.K., Hamel/J.C, Buyon,J.P. and Tan,E.M. 

Molecular definition and sequence motifs of the 52-kD component of 

human SS-A/Ro autoantigen 

J. Clin. Invest. 87 (1) , 68-76 (1991) 

• 91086480 . 

2 (bases 1 to 13270) 



JOURNAL 
■ MEDLINE 
REFERENCE 
AUTHORS 
TITLE 
JOURNAL 



FEATURES 

source 



Chan,E.K. f Di Donato,F., Hamel, J.C. , Tseng, C.E. and Buyon, J.P. 
52-kD SS-A/Ro: genomic structure and identification of an, 
alternatively' spliced transcript encoding a novel leucine 
zipper-minus autoantigen expressed in. fetal and adult heart 
J. Exp, Med. 182 (4) , 983-992 (1995) 
96018798 • ; / .. , 

3 (bases 1 to 13270) ; , ' 

Chan,E.K. ' ' . ' 

Direct. Submission- . t / ' ■ . 

Submitted (16-SEP-1993) Edward K. Chan, Molecular ■ and Experimental 
Medicine/ The Scripps Research Institute, 10550 North Torrey Pines 
Road, La Jolla, CA 92037, USA • * 

Location /Qualifiers 

1. .13270" • • • " 

' /organism^ "Homo sapiens" 

/specif ic_host=" Homo sapiens" 
. . ■ /■"'. /db_xref="taxon:9606 , » 

/clone=" clones 33 and 5" ..*.•' 
/sex="male" 

,/tissue_type= "placenta" 

/clone_lib= M lambda FIXII library (Stratagene #946203)" 
/germline ; . . / 
repeat-region ■ complement (30 .. 1050) t 

/ s t andar d_name= " 1 ong interspersed repetitive element" 
• /,citation= [2] * . 

* ' /rpt_family="Ll" ' • ; • ; . [ • 

1460. .2570 

/standard__name="long interspersed repetitive element" 
/citation= [2] 
\ /rpt_family="Ll"- . 

repeat_region 2380.. 2540 

http://www.ncbi.nlm.nih.gov/entrez/query. 10/8/2001 
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/citations [2] 

/ rpt_f ami ly= " MER1 3 " 
re peat_region 2510. .3568 

/ standard_name= " long interspersed repetitive element" 

/citations [2 J 

/rpt_family="Ll" 
r epea t_r eg i on comp 1 emen t ( 3 7 1 8 . . 3 8 6 3 ) 

/citation= [2] 

/rpt_family="MERl4" 
exon 4553.. 4606 

/citation= [2] 

/functions" 5 'untranslated region" 
/number =1 

re peat_ region complement (5663 . . 5954 ) 

/standard_name="Alu sequence" 
/citation=[2] 

/rpt_family="Alu family, subfamily Sx" 
re peat„region 6042.. 7175 

■/citation= [2] 

/rpt_f ami ly= " MER14 " 
repeate r eg ion 620 3. . 6371 

/citation= [2 ] 

/rpt_family="MER12" 
repeat_r e gion c omp 1 emen t ( 6 2 8 1 . .7721) 

/standard_name=" long interspersed repetitive element" 

/citation= [2] 

/rpt_family="Ll" 
exon 7780. .8236 

/citation= [1] 

/citation^ [2] 

. /functions" contains translation start codon at 7829" 
/numbers2 

CDS join (7829. .8236,8489. .8584 , 9708. .9938,11245. .11267, 1 

11978.. 12078,12382.. 12950) .. 
/codon_start=l 

/product="52 kda component of SS-A/Ro autoantigen" 
/pro t ein_id= ■ ^B87 0 ? 4 .1 .■ 
/db_xref = " GI : 665918 " 

/ trans lat i on= " MASAARLTMMWEEVTCPICLDPFVEPVS I ECGHSFCQEC I SQVG 
KGGGSVCPVCRQRFLLKNLRPNRQLANIWI^LKEISQEAREGTQGERCAVHGERLHLF 
CEKDGKALCWVGAQSRKHRDHAMVPLEEAAQEYQEKLQVALGELRRKQELAEKLEVEI 
AIKRADWKKTVETQKSRIHAEFVQQKNFLVEEEQRQLQELEKDEREQLRILGEKEAKL 
AQQSQALQELISELDRRCHSSALELLQEVIIVXERSESWNLKDLDITSPELRSVCHVP 
GLKKMLRTC AVH ITLDPDTANPWLI LSEDRRQVRLGDTQQSI PGNEERFDS YPMVLGA 
QHFHSGKHYWEVDVTGKEAWDLGVCRDSVRRKGHFLL S SKSGFWTIWLWNKQKYEAGT 
YPQTPLHLQVPPCQVGIFLDYEAGMVSFYNITDHGSLIYSFSECAFTGPLRPFFSPGF 

NDGGKNTAPLTLCPLNIGSQGSTDY" 
exon 8489.. 8584 

/citations [1] • 

/citations [2] 

/number =3 
repeat _reg ion 9543. .9588 

/citations [2] 

/rpt_family="TG dinucleotide repeat" 
/rpt_typesother 
exon 9708.. 9938 

/citations [1] 
/citations [2) 

/function="contains coiled-coil/leucine zipper domain" 
/number =4 



http://www.ncbi.nlm.nih.gov/entrez/query.fcgi7cmd 
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repea t_r eg ion compl ement (10395. .10660) 

/ s tandar d_name= " Alu sequence" 
/citation=[2] 

/rpt_family="Alu family, subfamily Sp" 
exon 11245.. 11267 

/citation= [1] 

/citation= [2] 

/number =5 
exon 11978. .12078 

/citation= [1] 

/citation=[2] 

/number =6 
exon 12382.. 13270 

/citation= [1] 

/citation= [2] 

/function^" contains rfp-like domain and stop codon at 

12948" 

/number =7 

BASE COUNT 3641 a 2997 c 3011 g 3621 t 

ORIGIN 

1 tcaattcggc tattgattct tgtgtatgct tcatgaagtt ctcatgctat gtttttcaac 
61 tccatcaggt catttatctt cttctctaaa ctgatgattc tagttagcaa ttcctctaac 
121 cttttttcaa gtttcttagc ttccttgcat tgggttagaa catgctcctt. tagcacagag 
181 gagtttctta ttacccacct tctgaagcct acttctgtca attcatcaaa ctcattttcc 
241 atccagtttt gttcccttgc tggcaaggag ttgtgattct ttgcaggaga agaggtgtgc 
301 tgttttttgg aattttcagc ctttttgcac tggtttttcc tcatcttcat ggatttatct 
361 acctttggtc tttgatatcg gtgacctctg gatggggttt ttgtgtggac attctttttg 
421 ttgatgttga cgctattgct ttctgtttgt tagttttcct tctaacaggt ccctctgcta 
481 caggtctgct ggaggtccac tccagaccct gtttgcctgg gtatcaccag cagaggctgc 
541 agaacagcaa agattgctgc ctgttccttc ctctggaagc tttgtcccag aggggcaccc 
601 gtcagatgcc aaccagagct ctcctgtatg aggtgtctgt tgaccctcct gggaagtgtc 
661 tcccagtctg gaggcacagg ggtcagggca cccacttgag gaggcagtct gtgccttatc 
721 agagc.tcaag cactgtcctg ggagatccac tgctctcttc agagctggca agcaagaatg 
781 tttaaggctg ttgaagctgt gctcaccgcc accccttccc ccagatgctc tgtcccaggg 
841 agatgggagt tttagctata agcccctgac tggggctgct gcctttcttt caagatgtca 
901 tgcccagaga ggaggaatct agagaggcag tctggctaca gcaggtttgc gaagctttgg 
961 tgggctccac ccaattcgaa cttcccagca gttttgttta cactgtgagg ggaaaaccgc 
1021 ctactcaagc ctcagtaatg gtggatgccc ctcactccac caagctcaag catctcaggt 
1081 caatttcaga ttgctgcact ggcagcaaga atttcaaacc catggatctt agcttgctgg 
1141 gctccatggg ggtgggatcc actgagctag accacttggc tccctggctt cagccccctt 
1201 tccaagggag tgaacagttc tgtctcgctg gtgttccaga cgccactggg gcatgaaaaa 
1261 tcctgccgct agctcagtgt ctgcccaaac agccacccag ttttgtgctt caaacccagg 
1321 gtcctggtgg tgtaggcatc caagggaatc tcctggtccg tgggttgcat agaccatggg 
1381 aaaagcatag tatctgggct ggatagcacc attccatcag gtcctttaag gacttctctg 
1441 cattggttat tctgacctaa aaccacaaaa accctagaag aaaacctagg caataccatt 
1501 caggacatag gcatgggcaa ggactacatg tcttaaccac caaaagcaat ggcaacaaaa 
1561 gacaaaattg acaaatggga - tctaattaaa gagcttctgc acagcaaaag aaactaccat 
1621 cagagtgaat gggcaaccta tagaatagga gaaaaatttt gcaatttact catctgacaa 
1681 agggctaata tccagaatct acaaagatct caaacaaatt tacaagaaaa aaacaccccc . 
1741 atcaaaaagt gggcaaagga tatgaacaga cacttctcaa aagaagatat ttatgcagcc 
1801 aacagacaca tggaaaaatg ctcatcatca ctggccatca gagaaatgca aatcaaaacc 
1861 acaatgagat actatctcac agcagttaga atggcgatca ttaaaaagtc aggaaacaat 
1921 gggtgataga caggatatgg agaaacagga gcacttttac actgttggtg ggactgtcaa 
1981 cgagttcatc cattgtggaa gacagtatgg tgattcctca aggatctaga actagaaata 
2041 ccatttgacc cagccatccc attactgggt atatatccaa aagattataa atcatactga 
2101 tataaagaca catgcacaca tttgtttatt gtggcactat tc'acaatagc aaagacttgg 
2161 aaccaaccca aatgtccaac aatgatagac tggatgaaga aaatgtggca catatacacc 
2221 atggaatgct atgcagccat aaaaaaggat gagctcatgt cctttgtagg gacatggatg 
' 2281 aaagtggaaa ccatcattct cagaaaacta ttgcaaggac aagaaaacca aacaccgcat 
2341 gttctcactc ataggtggga attgaacaat gagaacacat ggacacagga aggggaacat 

http://ww.ncbi.nlm.nih.gov/entrez/query.fcgi7cm 10/8/2001 
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2401 cacacactga ggcctgtcct ggggtggggg gaggggggag ggatagcatc aggagatata 
2461 tccaatgtaa atgagttaat gggtgcagca caccaacatg gcacgtgtat acatatgtaa 
2521 caaacctgca tgttgtgcac atgtacccta gaacttaaag tataatttaa aaaaaaatct 
2581 aaggcctcaa actatgaaac tactacaaga aaatattggg gaaactctcc aggacattgg 
2641 actgggcaaa aatttctttc aaatattcca taagcacagg caaccaaagc aaaactggac 
2701 aaatgagatc acatcaagtt aaaaagcttc tgcacagcaa aggaaacaat gaagtagaga 
2761 gataacccac agaattggag taaatatttg caaactatcc atctgacaag ggattaataa 
2821 ccagaatata caaagaactc aaacaactct ataggaaaaa aatataataa tctgattcaa 
2881 aaatggacaa acgatctgaa tagacattcc tcagaagaag acatacaagt ggcaaatgga 
2941 tatatgaaaa tgtgttcaac accactgatc atcagagaaa tgcaaatcaa aactacgaga 
3001 tattatctca cctcagttaa aatgtctttt aaccaaaaga aaggcaataa caaatgctgg 
3061 cgaggatatg tagaaaaggg gaccctcata cactgtcaat ggggatggaa attagtacaa 
3121 acactatggc aaacaatttg gaggttcctc ccccaaaaaa aaaaaactga aaatagagct 
3181 accatgtaat ctagcaatcc tactggatac tgctaggtat atacccagaa gaaatactgt 
3241 taggtatata tccaagagaa aggaaatcag tatatcaaag agatatctgc actcccatgt 
3301 ttatcgcagc actattcaca atagccaaga tttggaagca acgtaagtgt ccatcaacag 
3361 ataaatggat aaggaaagtg tggtacacat acacaatgga gcactattca gccataaaaa 
3421 gaaggagaac ctttcatttg ctacaagatg gatggaattg gggattatta tgttaagtaa 
3481 aataaaccaa acacaggcaa acaaacaaat tgttatgttc tcacttattt gtgggagtta 
3541 aaaattaaaa caatccaact .catgaagata gagaggatga tggttaccaa aggctgggaa 
3601 gggtagtggg gaatgattaa tgggttcaaa aatacatgag agagaatgaa taagatctag 
3661 tattttatag cataacaagg tgaatacagt caatgataat ttatcatttt aaaataacta 
3721 aaagcatata actggattgt atataacaca aatgataagt gcttgaggtg atggatagat 
3781 accccactta ccctgatatg attattacgg attgtatgct ctacctgtat ccaaatattt 
3 841 catgtacccc acaaatatat acacctacta tagacacaca agattgaaaa ttaaaaaaat 
3 901 tactttggta aattttatgt tctatatttt tacgattaaa aataaaaata- atataacctg 
3961 agaatgtccc tagctcagtg acaagaacac agttggttgt caaatgtcaa tttccttctc 
4021 accactcact ggtgggacac tcaccttggg gtcatgcgaa ataaatcact cacctgcagg 
4081 cgttaaaaaa tattagtcac atcagtcaca tgaaaataat tagcttctgg aagtaagcag 
4141 atggtggcac gcgaggaaga gcaccgtcca ctcttctctg catcaaaact tccttaaaag 
4201 catcttccag acatggacat agcgtctagg tgtggagtga tgaccagtgt caaagaaagc 
4261 agcccggact cccccgtctt gtagatattt taccaaatca gataatgaag acatgggagg 
4321 gagegcgcaa ,ccaggaccac gggctactga gtttccactc cttcccagtc tcagagaagc 
4381 ctcctgggca tgcagagcct ctgaagcctc ccccagctca actctgactt ctcttctcag 
4441 ccgcatttct ccacacaccc tttcaaggct ctgctcctcc cactgctcct ccctcactcc 
4501 tcccacggct cctcctcctc cctccccttt cctctcagac ttgcttctga gcggaaactg 
4561 aaagtgaaat agggagctgg ctaccagcgt tgagtcccct gtaaaggtga gtgaacccca 
4621 ctagatcaag ggacccctgc cctcctaggg gacctctctc ccctgcccca gggttgaaga 
4681 gccccttcca gtctccatcc ttgagccggt cccatttgcc ccttctccca ccagggatcc 
4741 ctcaacccaa gaccagctgc gcttccggtg ctggccccct gcttgggagg aggctggggt 
4801 gtggacctga.ctgccgagtt acccagaagg ggaaggggcc cggctgcccc ctacctggga 
4861 ggaggctggg ttgtggacgt gactgtggag* ttacccagaa ggggaagggg cccggctgcc 
4921 cccatgctgg cacctgacct aggatgacgg ctgggtgtgg ctgggatagc caggactaca 
4981 gcctagccag gagggtaggg agcccagtgt cggggaggtc tgcaattctg .gagactccca 
5041 ggtccaaaag tcctccagag gtgagagggg caggctgttt aggatgttca accagaaatg 
5101 tataggcctt cagaattatt ctttgtccta gaataagtgt tgtcaggaac taaactaagt 
5161 ttggagcagc tgagaaaaga gcccagggag tgctggccac ggttcctgtt actctgtgtg 
5221 tatacataca tatacaccta catacatata tgcaactgac tt'ccgccgtt ataggaggga 
5281 ttaatgaaga tatattcaaa gcatgacgta tctctggcac atggaaggta catggtaaaa 
5341 agtagctata atttctcagc aacatggagg cctgttggta cccgacagga gatggatgag 
5401 cactgagggt ttaagcagga atggacatga tgagagtaga actgtcaaca gctttatgag 
5461 gtccttgcca attttcattc cctcttttag ggactcagtt tctccttccg tctcactgga 
5521 tcaatggacc aaacaatgga ggagttcttg ttattcagaa caggaataaa cttattcaac 
5581 aaactgtttg atcggtgcaa aagtaattac tgtttttgac attaattgtt ttgccattaa 
5641 ttttatgcct tgttttgttt tgttttgttt gagagaggga gtctcgccgt gtcgcccagg 
5701 ctggagtgca atggcacaat cttggctcac tgcaacctct gcctcccagg ttcaagcaat 
5761 tctcctgcct cagcctccca agtagctggg attacaggtg cccaccacca ctcccagcta 
5821 atttgtgtat ttttagtaga gacagggttt taccatattg gtcaggctgg tcttgaactc 
5881 ctgacctaag gtgatccacc cacctcggcc tcccaaagtg ctgggattac aggtgtgagc 
5941 caccgtgcct gacccattat ttttattctt attttttatt ttcctttgca tcattttgtt 
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6001 tttctttttt tagtatattt ttaatttttg 
6061 atggaatatt gtgatacagg tatacaatgt 
6121 ctatcacctc aagcattgat catctgtaat 
6181 atgtacaagt aaattattgg ctatagtcac 
6241 tcactccact tttgtaccca ttaaccatcc 
6301 attactcttc ccagcctctg gtaaccatct 
6361 ttttaatttt tagcttctac aaatgagtga 
6421 gcttatttca cctaacataa tgacctccag 
6481 ctcattatat tttatgactg aacagtactc 
6541 ccatatatct gttgatggac tcttagattg 
6601 tgcagtaaac atggaagtgt ggatatctct 
6661 tatgctagca gtgggattga tggatcatat 
6721 ctccaaactg ttctctgtag tgattgtact 
6781 gtaccctttt ctccacaccc tcaccagcat 
6841 attttaactg agatgagatt atatctcatt 
6901 aatgatgttg agcaactgtt catatgcctg 
6961 tgtctgttca gatcttttgt ccatttttga 
7021 tgtttgagct ccttatatat tctggttatt 
7081 atttactcca attctgtggg ctgtctcttc 
7141 caccttttca acatgatgtg atcccatttg 
7201 gggatatttg aaagaaatct ttgccagtcc 
7261 ttgtaatagt ttcatagttt gaggccttag 
7321 ttctgtatac ggtgagacat aggagtgtag 
7381 ttcccagcag catttattga agagactgtc 
7441 gttgaaaatg tgetcactgt ggatgtacag 
7501 ctatgtgtct gtttttatgc cagtaccatg 
7561 atttgacgtc agatgatgtg attcctccag 
7621 ctattctgag tcttttgtga ttccatataa 
7681 aagaatgtca ttggtatttt gatagggatt 
7741 tttctcatat tctcttttcc ctttcttctt 
7801 acactgctgt ttaacggcac acttgacaat 
7861 ggaggaggtc acatgcccta tctgcctgga 
7921 tggccacagc ttctgccagg aatgcatctc 
7981 tcctgtgtgc cggcagcgct ttctgctcaa 
8041 catggtgaac aaccttaaag aaatcagcca 
8101 gtgtgcagtg catggagaga gacttcacct 
8161 ctgggtatgt gcccagtctc ggaaacaccg 
8221 tgcacaggag taccaggtga ggcctaagag 
8281 gggaatggga gaggaccacc tctggattgg 
8341 ctccatgtct aatgtaggag gagaattata 
8401 ggagatatgc atgagaaaat gctgcaagga 
8461 gggacgaata agctgtcttt ctctgcagga 
8521 aagaaagcag gagttggctg agaagttgga 
8581 gaaggtaaga atgacatcct gaaggagatc 
8641 tcctcaactc acagccttaa ccgtagctgt 
8701 tctcactctc cagaaaccag ctgctctcta 
8761 gcaggttcaa aggggagctc cccatcaggc 
8821 tgagaggatc tagctatacc ctaaagtttc 
8881 gatggcgtca gcacctggat gtgtgagaca 
8941 aagcctttca ggaaatgaca agggctgtga 
9001 gtggttactt gaccatgacc agatctctgg 
9061 tctgcactga tgatttccta ggagaggtgg 
9121 gagcccatcc ccagtagatc acagaagagg 
9181 gggttgtggt gacaaaacag accctcatgt 
9241 gagaggaaaa gcaaagaatg tccccaagcc 
9301 gagcctggct ttgtgaggtt gttggaggtg 
9361 ctgagacagg aagacacagg ggcacatttg 
9421 aaaaagtccc caatgccata tattcgtgta 
9481 ctcaccaagt ccattcccct cactgtccca 
9541 actgtgtgtg tgtgtgtgtg cgcgcgtgtg 



tgggcacata gtaggtatat ttatgggtat 
gtaataatca catcagggta agtggggcat 
acaaactatg caattatact cttattttta 
cctgttgtgc tatcaaatac tagatctaat 
catcttctcc cccacacaca gaccctccct 
ttctattatc taactccatg agttcaattg 
gaccatacaa tgtttgtctt tctgtgcctg 
ttccattcat gttgttgtga atgacaggat 
cattgtgtat acataccaca ttttctttat 
cttccaaatc ttggctgttg tgaaacgtgc 
ttgatatact gatttccttt ctttggggta 
ggtagctcta tcttcagtat tttgaagaac 
aatttacctt cccaccaaca gcatatgagt 
ttgttatagc ctgtcttttg gagaaaagac 
gtagttttga tttgcatttt tctgataatc 
tttgtcattt gtatgacttc ttttgagaaa 
gtcagattat tatttttttt cctatagagt 
catcccttgt cagatggata gtttacaaat 
actttgtgga ttgtttcttt tgctgtgcag 
tccaagtttg ctttggctgc ctgtgcttgt 
aatgtcctag agagttttcc caatgttttc 
atttaagtct ttaatccatt ttgatttgat 
tttcattctt ctgcatgtgg atatccagtt 
ctttcctcac tgtatgttct tggtagcttt 
atttgtttct gggttcttta ttctactggt 
ctgtttgggt tactttagct ctacagaata 
ttttgttctt tttgctcagg atagctttgg 
attttaggat tgttttttcc tatttttgtg 
atgttgactt ' tttgtttttc ttacacagac 
ctctcccagc caaaccccct aaaggtctcc 
ggcttcagca gcacgcttga caatgatgtg 
ccccttcgtg gagcctgtga gcatcgagtg 
tcaggttggg aaaggtgggg gcagcgtctg 
gaatctccgg cccaatcgac agctagccaa 
ggaggccaga gagggcacac agggggaacg 
gttctgtgag aaagatggga aggccctttg 
tgaccacgcc atggtccctc ttgaggaggc 
acacctggtg agtgcttcgt tttcagagca 
aggggttaga gaaaggaggg gtttacctct 
agttaaaccc aacctcattc cccaggcgta 
ttaccccacc ctattacttg gtttgcatgg 
gaagctccag gtggcattag gggaactgag 
agtggaaatt gcaataaaga gagcagactg 
ttaggctgga aggctgggca gggtccagag 
gcctctctga gcagtgatag agttggtccg 
ggtttacaaa tagaggggaa taaaaatgat 
•ctgaagatca agaatcctgg aagaaggtgc 
gagctcctct gagtctagtc tcagaggtgt 
aatatcctag tagaaaccca actgctaget 
ggaataaact taaggaaacc atctgaccgg 
tccaaaatat aatgaagaat caatgtttgt 
ggcatgtcag ggatgagagg ggagaagaag 
aagatttggg attgaggtag ggtgtgagtt 
gtcatcgagt gaccttccag ttactaacag 
ccctttccca ggacatagag gtggtggcgt 
gggacaggtg atttttttct cagtaactca 
agtggtgact gggcttggaa gagaggttgg 
gctgtcgttg taggccagct acagtgtgcc 
gaaacctcaa ccacctacct cccaagcaaa 
tgtgtgcatg tgtgtgtgtt ttcccagaca 
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9601 gcacagagtg gagtctcttg gggataggaa taggtaccaa tacctccatt cccaaagctt 
9661 gggagatttt cataaaaacc acctctccct ttcccttgac actaaagaaa acagtggaaa 
9721 cacagaaatc taggattcac gcagagtttg tgcagcaaaa aaacttcctg gttgaagaag 
9781 aacagaggca gctgcaggag ctggagaagg atgagaggga gcagctgaga atcctggggg 
9841 agaaagaggc caagctggcc cagcagagcc aggccctaca ggagctcatc tcagagctag 
9901 atcgaaggtg ccacagctca gcactggaac tgctgcaggt gagacaggga ggggttccct 
9961 tctacaattc agggaataac tgaaaaagac cagagctatc tggaactgcc atttgaataa 
10021 atggacacct ggtccctgga atgttcttaa atgaagtaga attcaaaccc atgaaaggtt 
10081 cacgttcaag acgcaaagta aagatgaaaa taagtacagg acctttttaa aaatcaattt 
10141 atgttgcact tagaatcatc ttgcatccac caatgatatg tttgcctcac tgtaggaaac 
10201 tatggactag atggtctcac aagtcccttc tgttctaaca ttctacagct cttttcccac 
10261 acctgttcag tgtcacgcag agtggtcatg agccattgct ttcaggtttg tgcagaaaac 
10321 ctaattgtat tgggttgact tgacaggctc tcttctgccc aacattgaac caggctttct 
10381 atttatttat ttatttattt atgagacaga gtttcactct tgttgcccag gctggagtgc 
10441 aatggtgtga tcttggctca ctgcaacctc cgcctcccgg gttcaagcga ttctcctgcc 
10501 tcagcctcac atcaccacac ctggctaatt ttgcatccct agtagagatg ggatttctcc 
10561 atgttggtca ggctggtctc aaactcccaa ccgtaggtga tctgcccccc tcagcctccc 
10621 aaagtgctgg gattacagga gtgagccact acacctgtct gtaaaccagg ctttccaaca 
10681 cacttgtgac tgagtctagg agcctgctag ctcccatgta atggcgccta atccctacga 
10741 caaaaatatt ctcagtgatt tggtttcaca tacaggaaga ggcaacatta agtacccaag 
10801 ggagctttaa ctaaccaacc tttccttccc aaacaatgct agcccacaag tggaatagag 
10861 tggtttctgg acacctgaac tcggccattc tctgcccgtg attgtttctg ggcttaagcc 
10921 aagctgggct atgtgccctc tctgccctcc tttctttctc ccctggggaa aaaaaaaaaa 
10981 aaactggtct ttgagtcaga gtcctgaaac tgataaccct tccctagcca taggtcacat 
11041 ccatgctggg cttctggtta cctcacaagc agccacacat cctttctgct ttgagctggt 
11101 cagaatcatc tctggggcct aggaccagag gaaggagagg aacagtgccc cagggaccaa 
11161 agatggatca catcacccac agggctgatg tctcagtggc gatccagcaa tccagaactt 
11221 actttctgtc tcttttctcc tcaggaggtg ataattgtcc tggaaaggta aggaggagtt 
11281 ttctttgtta gaagaggggc cagcagaaag catatatgcc tatgacaaag gtgattgaat 
11341 tagaagtaca tgcactgaag ttttccccat ctggcttcct . attctcaaaa acttcattct 
11401 ctataaaata ttttctggtc tcagaaagct aataaatgga catctcaatt ggtgattgcc 
11461 cacagtagtt ggatcataac atcttcacac agtaaagtcc tgccaaacag ggaaatcctg 
11521 ggaagtitct'g ggtcttcccg gaattcagac tactgggaca tggcctgctg ggactccttt. 
11581 tctcagtgga atctaaccag ttacctccca aaaagagcca tgagtaagac ccacagtgtg 
11641 ggcaagactc cttgaggttc cttgcagaag tgattcagcc tgtctcagat tgcttgccta 
11701 taaaatgaaa ttgaatgcat ttgccaggtg acctcaggct tagacaggag agacagactg 
11761 tccacatgct gcagagcctc. ctataaccag gaactcctgg gtagaaacta aatcctgcat 
11821 tgtttgcctc tcacacccac tcctggagac ttgaacacca gaggtctttg . taaatttgag 
11881 ttgaattaaa ttatcggagt cctccacaat ggaggttata gtgttagggt ttgggatagg 
11941 agtaggagac aggagtctca aactctcttt cccccaggag tgagtcctgg aacctgaagg 
12001 acctggatat tacctctcca gaactcagga gtgtgtgcca tgtgccaggg ctgaagaaga 
12061 tgctgaggac atgtgcaggt gaggcaagtt ctagttttgc gggggataat ggggtgcaga 
12121 gtagatccca gggtcaggga gcctggatgg caacttggag gagagatggc aggtcagagc 
12181 agggggaaca gagatggagg taaggaagat ggtttcttca gaggtcagga ccaaggccag 
12241 aactggctga tggtcatttc ctcacacagg gaggttcacc cctcatgctt accctggagt 
12301 ttacacaaaa tccccccacc acaggcacag acttagtgaa. ctccccccat gcaaggcctg 
12361 actgtggtcc tctctctgca gtccacatca ctctggatcc agacacagcc aatccgtggc 
12421 tgatactttc agaagatcgg agacaagtga ggcttggaga cacccagcag agcatacctg 
12481 gaaatgaaga gagatttgat agttatccta tggtcctggg tgcccagcac tttcactctg 
12541 gaaaacatta ctgggaggta gatgtgacag gaaaggaggc ctgggacctg ggtgtctgca 
12601 gagactctgt gcgcaggaag gggcactttt tgcttagttc caagagtggc ttctggacaa 
12661 tttggttgtg gaacaaacaa aaatatgagg ctggcaccta cccccagact cccctccacc 
12721 ttcaggtgcc tccatgccaa gttgggattt tcctggacta tgaggctggc atggtctcct 
12781 tctacaacat cactgaccat ggctccctca tctactcctt ctctgaatgt gcctttacag 
12841 gacctctgcg gcccttcttc agtcctggtt tcaatgatgg aggaaaaaac acagcccctc 
12901 taaccctctg tccactgaat attggatcac aaggatccac tgactattga tggctttctc 
12961 tggacactgc cactctcccc attggcaccg cttctcagcc acaaaccctg cctcttttcc 
13021 ccatgaactc tgaaccacct ttgtctctgc agaggcatcc ggatcccagc aagcgagctt 
13081 tagcagggaa gtcacttcac catcaacatt cctgccccag atggctttgt gattccctcc 
13141 agtgaagcag cctccttata tttggcccaa actcatcttg atcaaccaaa aacatgtttc 
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13201 tgccttcttt atgggactta agtttttttt ttctcctctc catctctagg atgtcgtctt 
13261 tggtgagatc 
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□ 1: D861 15. Homo sapiens gene...[gi:2244724] OMIM, PubMed, Taxonomy 



LOCUS 

DEFINITION 

ACCESSION 

VERSION 

KEYWORDS 

SOURCE 

ORGANISM 



REFERENCE 
AUTHORS 
TITLE 
JOURNAL 



REFERENCE 
AUTHORS 



TITLE 



JOURNAL 
REFERENCE 
AUTHORS 

TITLE 



JOURNAL 
MEDLINE 
FEATURES 

source 



gene ■ 
exqn 

BASE COUNT 



D86115 90 bp DNA PRI 04-JUL-1997 

Homo sapiens gene for HC21EXc65, exon. 

D86115 

D86115.1 GI:2244724 
HC21EXc65. 

Homo sapiens B-lymphoblastoid cell_line :GM130B DNA, 
clone_lib: chromosome 21-specific cosmid library. 
Homo sapiens 

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi ; 
Mammalia; Eutheria; Primates; Catarrhini; Hominidae; Homo. 

1 (bases 1 to 90) 
Shimizu, N. 
Direct Submission 

Submitted (19-JUN-1996) Nobuyoshi Shimizu, Keio University School 
of Medicine, Department of Molecular Biology; 35 Shinanomachi / 
Shinjuku-ku, Tokyo 160, Japan (E-mail : shimizu@dmb .med. keio . ac . jp, 
Tel:03-3351-2370, Fax:03-3351-2370) 

2 (sites) 

Nagamine,K., Kudoh,J., Asakawa,S., Abe, I., Maeda,H., Tsuj imoto, S . , 
Minoshima, S . , Ito,F. and Shimizu, N. 

Localization of 22 Exons to a 450-kb Region Involved in the 
Autoimmune Polyglandular Disease Type I (APECED) on Choromosome 
21q22.3 
Unpublished 

3 (sites) 

Kudoh,J., Nagamine,K., Asakawa,S., Abe, I ., Kawasaki , K . , Maeda,H., 

Tsu j imoto, S. , Minoshima, S. , It*o,F. and Shimizu ,N. 

Localization of 16 exons to a 450-kb region involved in the 

autoimmune polyglandular disease type I (APECED) on human 

chromosome 21q22.3 

DNA Res. 4 (1) , 45-52 (1997) 

97323005 

Location/Qualifiers 
1. .90 

/organism="Homo sapiens" 

/ db_xref = " taxon : 9 6 0 6 ■ 

/chromosome="21 " 

/map="21q22.3 n 

/cell_line="GM130B" 

/ c el 1_ type= " B- lymphobl as to i d " 

/clone_lib=" chromosome 21-specific cosmid library" 
1..90 

7gene="HC21EXc65" 
1..90 

/gene="HC21EXc65 n 

/note=" similar to Homo sapiens EST 8E4 exon:GenBank Acc# 
R82169" 

20 a 24 c 32 g 14 t 
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ORIGIN . , 

1 caccagattg tccacgaaca tccagaagaa gggcctgggg ctgcctggct tgggccgtgc 

61 gtactgcagg agccggtgga actggaacag 
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H1 |G»nBank j as I HTML fll HH BBMBBI 
D 1: X56687. H.sapiens mRNA fo...[gi:28970] Related Sequences, OMIM, Protein, PubMed, Taxonomy, LinkOut 



LOCUS 

DEFINITION 

ACCESSION 

VERSION 

KEYWORDS 

SOURCE 

ORGANISM 



REFERENCE 
AUTHORS 
TITLE 
■ JOURNAL 

REFERENCE 
AUTHORS 
TITLE 



JOURNAL 
MEDLINE 
FEATURES 

source 



CDS 



HSAUTNOR 2489 bp mRNA PRI 03-APR-1997 

H.sapiens mRNA for autoantigen NOR-90. 

X56687 

X56687.1 GI:28970 
NOR-90 autoantigen. 

human. 1 , 

Eukaryota; Metazoa; . Chordata; Craniata; Vertebrata; Euteleostomi ; 
Mammalia; Eutheria; Primates; Catarrhini; Hominidae; Homo. 

1 (bases 1 to 2489) 
Chan,E.K.L. 

Direct Submission 

Submitted (15-NOV-1990) Chan E.K.L., Scripps Clinic & Research 
Foundation, 10666 N Torrey Pines Road, La Jolla CA 92037, USA 

2 (bases 1 to 2489) 

Chan,E.K., Imai,H., Hamel,J.C. andTan,E.M. 

Human autoantibody to RNA polymerase I transcription factor hUBF. 
Molecular identity of nucleolus organizer region autoantigen NOR-90 
and ribosomal RNA transcription upstream binding factor 
J. Exp. Med. 174 (5), 1239-1244 (1991) 
92044316 

Location/Qualifiers 
1. .2489 

/ organ ism=" Homo- sapiens" 
7 db_xr e f = " t axon : 9 6 0 6 " 
/clone="N0R5 J3" 
/cell_line="HepG2 and MOLT- 4", 
/cell_type=" liver and T cell origin" 
/clone_lib="gZap, HepG2 cDNA and ggtll MOLT-4 cDNA " 
180.. 2363 
/codon_start=l 

/product= u autoantigen NOR-90" 
/protein ,id= "CA A40016 . 1 ■ 
/db_xref = " GI : 2 8~97~1 " 
/db_xref="SWISS-PROT:P17480" 

/ trans 1 a t i on= " MNGEADCPTDLEMAAPKGQDRWSQEDMLTLLECMKNNLPSNDS S 
KFKTTE SHMDWEKVAFKDF SGDMCKLKWVEI SNEVRKFRTLTEL I LD AQEHVKNPYKG 
KKLKKHPDFPKKPLTPYFRFFMEKRAKYAKLHPEMSNLDLTKILSKKYKELPEKKKMK 
YIQDFQREKQEFERNLARFREDHPDLIQNAKKSDIPEKPKTPQQLWYTHEKKVYLKVR 
PDEIMRDYIQKHPELNISEEGITKSTLTKAERQLKDKFDGRPTKPPPNSYSLYCAELM 
ANMKDVPSTERMVLCSQQWKLLSQKEKDAYHKKCDQKKKDYEVELLRFLESLPEEEQQ 
RVLGEEKMLNINKKQATSPASKKPAQEGGKGGSEKPKRPVSAMFIFSEEKRRQLQEER 

PEL S E S ELTRLL ARMWNDL S EKKK AKYKARE AALK AQ S ERK PGGERE ERGKL PE S PKR 
AEEIWQQSVIGDYLARFKNDRV1CALKAMEMTWNNMEKKEKLMWIKKAAEDQKRYEREL 
SEMRAPPAATNSSKKMKFQGEPKKPPMNGYQKFSQELLSNGELNHLPLKERMVEIGSR 
WQRISQSQKEHYKKLAEEQQKQYKVHLDLWVKSLSPQDRAAYKEYISNKRKSMTKLRG 
PNPKSSRTTLQSKSESEEDDEEDEDDEDEDEEEEDDENGDSSEDGGDSSESSSEDESE 
DGDENEEDDEDEDDDEDDDEDEDNE SEGS SS S S S S SGDS SDSDSN " 
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BASE COUNT 704 a 668 c 740 g 377 t 

ORIGIN ^ ctccgccgcg ggagggagct gcggctgtgc cggccgagcg ggggagggcg ccgccactca 
61 gagccaggga gggagccgct ggagcggaag cccggaggcc gcgctgcgcc ggggtgaggt 
121 ggctttgacc ccgggttgcc cggccagcac gaccgaggag gtggctggac agctggagga 
181 tgaacggaga agccgactgc cccacagacc tggaaatggc cgcccccaaa ggccaagacc 
241 gttggtccca ggaagacatg ctgactttgc tggaatgcat gaagaacaac cttccatcca 
301 atgacagctc caagttcaaa accaccgaat cacacatgga ctgggaaaaa gtagcattta 
361 aagacttttc tggagacatg tgcaagctca aatgggtgga gatttctaat gaggtgagga 
421 agttccgtac attgacagaa ttgatcctcg atgctcagga acatgttaaa aatccttaca 
481 aaggcaaaaa actcaagaaa cacccagact tcccaaagaa gcccctgacc ccttatttcc 
541 gcttcttcat ggagaagcgg gccaagtatg cgaaactcca ccctgagatg agcaacctgg 
601 acctaaccaa gattctgtcc aagaaataca aggagcttcc ggagaagaag aagatgaaat 
661 atattcagga cttccagaga gagaaacagg agttcgagcg aaacctggcc cgattcaggg 
721 aggatcaccc cgacctaatc cagaatgcca agaaatcgga catcccagag aagcccaaaa 
• 781 ccccccagca gctgtggtac acccacgaga agaaggtgta tctcaaagtg cggccagatg 
841 agatcatgag agactatatc cagaagcacc cagagctgaa catcagtgag gagggtatca 
901 ccaagtccac cctcaccaag gccgaacgcc agctcaagga caagtttgac gggcgaccca 
961 ccaagccacc tccgaacagc tactcgctgt actgcgcaga gctcatggcc aacatgaagg 
1021 acgtgcccag cacagagcgc atggtgctgt gcagccagca gtggaagctg ctgtcccaga 
1081 aggagaagga cgcctatcac aagaagtgtg atcagaaaaa gaaagattac gaggtggagc 
1141 tgctccgttt cctcgagagc ctgcctgagg aggagcagca gcgggtcttg ggggaagaga 
1201 agatgctgaa catcaacaag aagcaggcca ccagccccgc ctccaagaag ccagcccagg 
1261 aagggggcaa gggcggctcc gagaagccca agcggcccgt gtcggccatg ttcatcttct 
1321 cggaggagaa acggcggcag ctgcaggagg agcggcctga gctctccgag agcgagctga 
1381 cccgcctgct ggcccgaatg tggaacgacc tgtctgagaa gaagaaggcc aagtacaagg 
1441 cccgagaggc ggcgctcaag gctcagtcgg agaggaagcc cggcggggag cgcgaggaac 
1501 ggggcaagct gcccgagtcc cccaaaagag ctgaggagat ctggcaacag agcgttatcg- 
1561 gcgactacct ggcccgcttc aagaatgacc gggtgaaggc cttgaaagcc atggaaatga 
1621 cctggaataa catggaaaag aaggagaaac tgatgtggat ' taagaaggca gccgaagacc 
1681 aaaagcgata tgagagagag ctgagtgaga tgcgggcacc tccagctgct acaaattctt 
1741 ccaagaagat gaaattccag ggagaaecca agaagcctcc catgaacggt taccagaagt 
1801 tctcccagga gctgctgtcc aatggggagc tgaaccacct gccgctgaag gagcgcatgg 
1861 tggagatcgg cagtcgctgg cagcgcatct cccagagcca gaaggagcac tacaaaaagc 
1921 tggccgagga gcagcaaaag cagtacaagg tgcacctgga cctctgggtt aagagcctgt 
1981 ctccccagga ccgtgcagca tataaagagt acatctccaa taaacgtaag agcatgacca 
2041 agctgcgagg cccaaacccc aaatccagcc ggactactct gcagtccaag tcggagtccg 
2101 aggaggatga ' tgaagaggat gaggatgacg aggacgagga tgaagaagag gaagatgatg-* 
2161 agaatgggga ctcctctgaa gatggcggcg actcctctga gtccagcagc gaggacgaga 
2221 gcgaggatgg ggatgagaat gaagaggatg acgaggacga agacgacgac gaggatgacg 
2281 atgaggatga agataatgag tccgagggca gcagctccag ctcctcctcc tcaggggact 
2341 cctcagactc tgactccaac tgaggctcag ccccacccca gggcagccag ggagagccca 
2401 ggagctcccc tccccaactg accacctttg tttctccccc atgttctgtc ccttgccccc 
2461 ctggcctccc ccactttctt tetttcttt 
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LOCUS 

DEFINITION 

ACCESSION 
VERSION 
KEYWORDS 
SOURCE 

ORGANISM 



REFERENCE 
AUTHORS 



TITLE 

JOURNAL 
MEDLINE 
REFERENCE 
AUTHORS 

TITLE 

JOURNAL 
MEDLINE 
REFERENCE 
AUTHORS 
TITLE 

• JOURNAL 
MEDLINE 
REFERENCE 
AUTHORS 

TITLE 

JOURNAL 
MEDLINE 
REFERENCE 
AUTHORS 
TITLE 
JOURNAL 



FEATURES 

source 



HSU26593. 592 bp DNA PRI 18-NOV-1996 

Human clone 61.1 diabetes mellitus type I autoantigen (ICAp69) 
gene, partial cds. 
U26593 

U26593.1 GI:1674389 
human. 

Homo sapiens 

Euicaryota; Metazoa; Chordata; Craniata; 1 Vertebrata; Euteleostomi; 
Mammalia; Eutheria; Primates; Catarrhini; Hominidae; Homo. 
1 (bases 1 to 592) 

Pietropaolo,M. , Castano,L., Babu,S., Buelow,R., Kuo,Y.-L.S., 
Martin, S., Martin, A., Powers, A. C, Prochazka, M. , Naggert,J. , 
Leiter,E.H. and Eisenbarth,G. S . 

Islet cell autoantigen 69 kD (ICA69) . Molecular cloning and 
characterization of a novel diabetes-associated autoantigen 
J. Clin. Invest. 92 (1), 359-371 (1993) 
93315668 

1 to 592) 

Gaedigk, R., Hui , M. F 
and Dosch, H.M. 



Cheung , R . K . , Morkowski , J. , 
a candidate autoimmune target in 



101-104 (1994). 



2 (bases 
Miyazaki , I . 
Rajotte,R.V 

Cloning of human and rat p69 cDNA, 
type 1 diabetes 

Biochim. Biophys. Acta 1227 (1-2), 
950.01197 

3 (bases 1 to 592) 

Gaedigk,R., Duncan, A.M., Miyazaki, I., Robinson, B .H . and Dosch, H.M. 
ICA1 encoding p69, a protein linked to the development of type 1 
diabetes, maps to human chromosome 7p22 
Cytogenet. Cell Genet. 66 (4), 274-276 (1994) 

94215321 . ... 

4 (bases 1 to 592) 

Miyazaki, I., Cheung, R . K ., Gaedigk, R . , Hui , M. F . , Van der Meulen, J . , 
Rajotte, R. V. and Dosch, H.M.. 

T cell activation and anergy to islet cell antigen in type I 
diabetes 

J. Immunol. 154 (3), 1461-1469 (1995) 
95123099 

5 (oases 1 to 592) 

Karges, W.J. P., Gaedigk, R., Hui , M . F . , Cheung, R.K. and Dosch, H.M. 
Direct Submission 

Submitted (08-MAY-1995) Hans-Michael Dosch, Immunology and Cancer, 
The Hospital for Sick Children, 555 University Ave., Toronto,' 
Ontario M5G 1X8, Canada 

Location/Qualifiers 

1..592 

/ organ ism=" Homo sapiens" 
/ db_xr e f = " t axon : 9 6 0 6 n 
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intron 

exon 

gene 

CDS 



intron 



BASE COUNT *' 181 
ORIGIN 

1 cctgccgtgg 
61 ttcaccttat 
121 tttatataaa 
181 gcctgttcac 
241 ttgtcatcac 
301 aaatggctta 
361 tgtaactatt 
421' tttttcctgc 
481 cacaaatggt 
■ • 541 tatgatcaat 

•"/"/■" ■ 



/chromosome^" 
/map="7p22" 
/clone="61.1" 
/cell_type= " lymphocyte" 

<1..391 
392. .488 
472.. 592 
/gene="ICAp69" 

472. .>488 

/gene="ICAp69" 

/codon_start=l 

/product^" diabetes mellitus type 
/prot ein_id= ■ AABl 9 0 3 5 , 1 ■ . 
/db_xref="GI: 1674390" 
/translation="MSGHK" 

489. .>592 ' • 

/gene="ICAp69" 
a 101 c 88 g 222 t 



I autoantigen" 



tctgctgtct 
aatattgtat 
tgatattata 
tttttaaact 
cagtgtgcag 
ggttgaaggc 
aaacatattt 

CCCttCtCCC 

aagtaatttg 
aaacatctat 



ggaacttagt 
acctcaacaa 
ttttatgtag 
ttatttggaa 
cattactgtg 
ttttatgtgt 
gttttatttc 
caaatcatca 
tcatcttttc 
tgaatggaaa 



gttcatcatt 

catatagtat 

tcttctgcaa 

tatttcttcc, 

taacagtgtt 

gtcacattaa 

aggttataat 

acaatagaag 

tgaattggga 

aacaagagat 



cctaagcaat 
tgttttacat 
cctgcttttt 
agtgttactt 
agaccctaaa 
tatgtaacta 
ataacttatc 
aagaagaaaa 
aagttagaaa 
acatttggca 



tctttatacc 
attttt.aagc 
cattcaatct 
agctatattg 
atacagctag 
taatatggtg 
ctctcatgct 
catgtcagga 
gcatatagca 

gt 
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□ 1: X54162. Human mRNA for a ...[gi:28968] Related Sequences, OMIM, Protein, PubMed, Taxonomy, LinkOut 



LOCUS 

DEFINITION 

ACCESSION 
VERSION 
KEYWORDS . 
SOURCE 

ORGANISM 



REFERENCE 
AUTHORS 
TITLE 
JOURNAL 



REFERENCE _ 
AUTHORS 
TITLE 

JOURNAL 
MEDLINE 
FEATURES 

source 



mRNA 



CDS 



HSAUTAN64 3881 bp mRNA PRI 25-JUL-1991 

Human mRNA for a 64 Kd autoantigen expressed in thyroid and 
extra-ocular muscle. 
X54162 

X54162.1 GI:28968 

64 Kd autoantigen; autoantigen. 

human. 

Ho^9._-_?.^P.i.§. ] 5 s - 

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi ; 
Mammalia; Eutheria; Primates; Catarrhini; Hominidae; Homo. 

1 (bases 1 to 3881) 
Dong, Q.H. 

Direct Submission 

Submitted (30-JUL-1990) Dong Q.H., Institute of Interdisciplinary 
Research, School of Medicine, Universite Libre de Bruxelles, Campus 
Erasme, 808 Route de Lennik, 1070 Brussels, Belgium 

2 (bases. 1 to 3881) 

Dong,Q., Ludgate,M. and Vassart,G. 

Cloning and sequencing of a novel 64-kDa autoantigen recognized by 

patients with, autoimmune thyroid disease 

J. Clin. Endocrinol. Metab. 72 (6), 1375-1381 (1991) 

91225220 

Location/Qualifiers 
1..3881 

/organism="Homo sapiens" 
/db_xref = " taxon : 9 606 " 
/clone="Dl" 

/tissue_type= " thyroid" 
/clone_lib=" lambda gtll" 
1..3881 

/evidence=experimental 

213. .1931 • 
/cbdon_start=l 

/product="64 Kd autoantigen" 
/protein_id= " CAA3 8101 . 1 " 
/db_xref="GI: 28969" 
/db_xref = ■ SWISS-PROT : P29536 " 
. / translation "MEELEKELDWDPDGSVPVGLRQRNQTEKQSTGVYNREAMLNFC 
EKETKKLMQREMSMDESKQVETKTDAKNGQERGRDASKKALGPRRNSDLGKEPKRGGL 
KKSFSRDRDEAGGKSGEKPKEEKIIRGIDKGRVRAAVDKKEAGKDGRGEERAVATKKE 
EEKKGGDRNTGLSRDKDKKREEMKEVAKKEDDEKVKGERRNTDTRKEGEKMKRAGGNT 
DMKK ED EK VKRGTGNTDTKKDDEK VKKNE PLH EKE AKDD S KTKT P EKQT PSGPTKPSE 
GPAKVEEEAAPSIFDEPLERVICNNDPE^EWVNNSDCITNEILW 
LFALANTRADDHVAFAIAIMLKANKTITSLNLDSNHITGKGILAIFRALLQNNTLTEL 

R FHNQRH I C GGKT EME I AKLLK ENT SLLKLG YH F ELAG PRMTVTNLL S RNMDKQRQKR 
LQEQRQAQEAKGEKKDLLEVPKAGAVAKGSPKPSPQPSPKPSPKNSPKKGGAPAAPPP 
P P P PL A P PL I MENLKN S L S P ATQRKMGDK VL PAQEKN SRDQLL AAI R S SNLKQLKK VE 
VPKLLQ" 
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BASE COUNT 1065 a 1030 c 1084 g 702 t 

ORIGIN f^t-ranrrr actcactgca tccagatcag 

1 gctgaagtgt tcgaccagca ggaggttttc tcctcagccc CC acagccca 

241 tggtggaccc agacgggagt gttcccgtgg ggc s s« ctatgaaaag gagaccaaga 

301 agtccacggg tgtgtacaac cgggajjcca tgctcuctt ^gtgaaa^g gg 

361 aacttatgca gagggagatg tccatggatg aaagcaagca 9 cccagacgga 

s ssss sss ssss S« — 
s ass sss sss = ssss 

661 gagaggagag ggcagtggcc accaagaagg aagaggagaa ^aagggggt g ^ 
721 caaacttgag cagggacaag gataaaaaga gagaggagat gaaggaggtg a » 

. s r,ss«. A- — ; ™r g ss 

5S SS= SEE =SS = S£ s 5 c S . 

xS sss S2ss ssss — ? r-H 

St a " S«i »«,„.,<:. g = , , ga. 

1141 acaactcaga ctgcatcaca aatgagatct tggtccggtt tactgaggct ctggag 
■ Sol ac.ctgtggt taagatgttc gccttggcca aoacgcg.gc cgatgaccac 9tggc«ttg 
S SttgcSt catgctcaag gcca.caaga = „ cc c,a , 

"S SS r i« ~S 

• 1681 agccctctcc aaagaactca cccaaaaaag ggggtgctcc agctgcccca traccaacta 
1741 cccctccctt ggctccaccc cttatcatgg agaacctgaa gaattcactc tca ^^gcta 
S cccagaggaa gatgggagac aaagtcctcc ctgcccagga ^aactcc cgtgaccagc 
21 taSggSgc catccgctcc agcaacctca agcagctcaa gaagg ggaa S ac 
1921 tgcttcagtaggaccaggct gccaggcacc atctgccaat ^catgactg c ^ 

. £S S= =g ggSS » g j 

2221 gcccatgtag ctggcaagct gcaaaaggcc tgtgatccag gagatgtc .WJ 
?9ftl cacatccacc ccagccccac tgccctccag ggccaggatt caggcccccg ayg^y _ 

S g— t gc?gggcca gtggcactct gtgtgggaaa 
2401 catgggggcccaaaggggag cgtggggagg ^^aggat accccaaag ^ 
\ 2461 tagaggatgt ggcaggggca gtggcctgga ^^ aa ^ gc g a ca t tt 

2521 acaggaggag tgggacagac agcagctgga cttgaaggtt tgatgcca 9^ 
2581 tcctcacacc cacctgctgc tgtatgaata gctgtgtatc . ^"^J- . ^ ■ 
2 ! ataatatata caaaccttta gctgtgaatg ^cccc.acc , .ctgaa tg.tg^ 
2701 agtcctgatc ctaaccctgg gctccctgga, ggactctaga agctcaggtt g 
2761 ctatttgagt tggccaagaa ataaattcac atcc.tcagaa agtgcagcat 
2821 ctgaactcta agcagaagac tctccactga cctggttgtc ^tctaga agg w 
2881 tctactaggt ctgctcctga accagtcctg ctgcctggag tcagtagcca 9 3 9 
2941 caggggtgct ggggcagagt ggagcccagg Jtgctgjjat 0*£t*t. ^ 
' 3001 gggatgctca ttccatgact ctgcctaacc atgggctcag wccagj atagcaccca , 
■3061 cacaggccca ggaaggcggc aggcagagaa gtggagtgac tatttgg g c 
3121 tatctgtgtg ccctagggct cagaggggcc tcatcttccc cagccptcc 
3181 ccaattccac ttcctgcccc aactgcagga atgctgacaa 9 caccccttgg ■ 

. 3241 ggtgtaggtg aaaggcatct ttctojattt ^ctcttg aaggtg tgc 
3301 cactgtggaa ctg.ccacctt gggtctgtgt ^cttgtagg gtc g 

3361 ctcaacagca ggaggcacag cagtttcacc -tJJWgS 
. 3421 taggaagcaa gatcgctgtg ctaggtctga ccaaaaccag aggg y 

h^/wwincbtnimAgov/^ ^ 



— — Page 3 of 3 

^tfeeqtience Viewer 

f . hri - rca ttcc ctccacccac ttgcctgtca 
3481 gtaaagccot cagatcceag 99tacactct "£ca ca cactggc tcc 

3541 Scccagteac ctaagcaatc actgggccca 9 * cttcC actg tcagccctca 

3601 tggacctaaa gggtatgagc tggagctaag 9«agctag * tagatgc ttt 
3661 ctgtcagccc cactgcaccc ccctgtgcct BJtgggca Saatattct attttgcaga 
3721 aggttgcttc agctgatcct tcjctcttt cacacagcta ataa aagtca 

3781 tagaatttgg cccagagagg "aactaata a a 

3841 gagctcagga aaaaaaaaaa aaaaaaaaaa . 
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□ 1: X16163. Human mRNA for Sm... 
[gi:36494] 



PopSet - Taxonomy 



OMIM 



Preview/Index 



History 



Clipboard 



Details 



Related Sequences, OMIM, Protein, PubMed, Taxonomy, 

LinkOut 



LOCUS HSSMB 713 bp mRNA PRI 19-JUL-1995 

DEFINITION Human mRNA for SmB/B ' autoimmune antigene (K5-1) . 

ACCESSION X16163 

VERSION X16163.1 GI: 3,6494 

KEYWORDS • autoimmune antigen; systemic lupus erythematosus. 
SOURCE human. 

ORGANI SM H omo, sapiens 

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi; 
Mammalia; Eutheria; Primates; Catarrhini; Hominidae; Homo. 
1 (bases 1 to 713) 

Sharpe,N.G., Williams, D. G. , Howarth, D.N. , Coles, B. and 
Latchman, D. S . 

Isolation of cDNA clones encoding the human Sm B/B' auto-immune 
antigen and specifically reacting with human anti-Sm auto- immune 
sera 

FEBS Lett. 250 (2), 585-590 (1989) 
89325637 

Location/Qualifiers 
1. .713 

/ organ ism=" Homo sapiens" 
/db_xr ef = " taxon : 9 6 0 6 " 
/cell_line="Hela" 
/clone_lib="cDNA in lambda gtll" 
1. .713 

/note=" SmB /B* autoimmune antigene" 
/evidence=experimental 
<1..657 

/codon_start=l » 
/product="SmB /B' autoimmune antigene" 
/protein_id= " CAA342 88 . 1 " 
/db_xref="GI:36495" 

/translation= "DGRIFIGTFKAFDKHMNLILCDCDEFRKIKPKNAKQPEREEKRV 
LGLVLLRGENLVSMTVEGPPPKDTGIARVPLAGAAGGPGVGRAAGRGVPAGVPIPQAP 
AGL AG P VRG VG G P S QQVMT PQGRGTVAAAAVAAT A S I AG A PTQ Y P PGRGT P P PPVGRA 
TPPPGIMAPPPGMRPPMGPPIGLPPARGTPIGMPPPGMRPPPPGIRGPPPPGMRPPRP 



REFERENCE 
AUTHORS 

TITLE 



JOURNAL 
MEDLINE 
FEATURES 

source 



mRNA 



CDS 



BASE COUNT 
ORIGIN 

1 
61 



155 a 



210 c 



gatggccgaa tcttcattgg 
tgtgattgtg atgagttcag 
121 gaaaagcggg ttttgggtct 
181 gaggggccac cccccaaaga 
241 ggccctgggg ttggtagggc 
301 gcccctgctg gattggcagg 
361 actccacagg gaagaggcac 
421 ggagccccaa cacagtaccc 



200 g 

cacctttaag 
aaagatcaag 
ggtgttgctg 
tactggcatt 
agctggtaga 
ccctgtccga 
tgtagcagct 
accaggacgg 



148 t 

gcttttgaca 
ccaaagaatg 
cgtggggaga 
gctcgggtac 
ggagtaccag 
ggagttgggg 
gctgctgttg 
ggcactccgc 



agcatatgaa 
cgaagcaacc 
acttggtatc 
cacttgctgg 
ctggtgtgcc 
gaccatccca 
ctgcgaccgc 
ccccacccgt 



tttgatcctc 
agagcgcgaa 
catgactgtg 
agctgctgga 
aattccccag 
gcaggtaatg 
cagtattgct 
cggcagagca 
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481 accccacctc caggcattat Wc'tcctcca "tggtatga jccacccat ^ccacca 
. 541 attgggcttc cccctgctcg -m**^ ^ftgc gtccaccaag accttagcat 
Tel SSS SLtgcg tctft- t« 
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□ 1: X69936. H.sapiens mRNA fo...[gi:31757] Related Sequences, Protein, PubMed, Taxonomy, LinkOut 



LOCUS 

DEFINITION 
ACCESSION 
VERSION 
KEYWORDS 

SOURCE 

ORGANISM 



REFERENCE 
AUTHORS 
TITLE 
JOURNAL 



REFERENCE 
AUTHORS 

TITLE 



JOURNAL 
MEDLINE 
FEATURES 

source 



gene 
CDS 



HSGLAD2A 1803 bp mRNA PRI 16-MAR-1993 

H. sapiens mRNA for glutamate decarboxylase. 

X69936 

X69936.1 GI:31757 

autoantigen; glutamate decarboxylase; glutamic acid decarboxylase; 

histidine-hexapeptide fusion protein. 

human. 

Homo sapiens 

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi; 
Mammalia; Eutheria; Primates; Catarrhini; Hominidae; Homo. 

1 (bases 1 to 1803) 
Northemann, W. 
Direct Submission 

Submitted (23-DEC-1992 ) W. Northemann, Elias Entwicklungslabor , 
Department of molecular Biology, Obere Hardtstrasse 18, D-7800 
Freiburg, FRG 

2 (bases 1 to 1803) 

Mauch,L., Abney,C.C. , Berg,H., Scherbaum, W. A. , Liedvogel,B. and 
Northemann, W. 

Characterization of a linear epitope within the human pancreatic 
64-kDa glutamic acid decarboxylase and its autoimmune recognition 
by sera from insulin-dependent diabetes mellitus' patients 
Eur. J. Biochem. 212 (2), 597-603 (1993) 
93185681 ' ' 

Location/Qualifiers 

1. .1803 

/organism="Homo sapiens" 
/db_xref = " taxon : 9606 " 
/cell_type= "pancreatic carcinoma" 
1. .1803 
/gene="GAD2 ,, 
1..1803 
/gene="GAD2" 
. /EC_number=" 4. 1.1.15" 
/note= " fusion ..protein" 
/codon_start=l 

/product=" glutamate decarboxylase" - 
> /protein_id="CAA4955 4 .1" . 
/db_xref="GI: 31758" 
/db_xref = " SWISS-PROT : Q05329 " 

/ trans lati on = "MSPIHHHHHHLVPRGSEASNSGFWSFGSEDGSGDSENPGTARAW 
CQVAQKFTGGIGNKLCALLYGDAEKPAESGGSQPPRAAARKAACACDQKPCSCSKVDV 

nyAflhatdllpacdgerptlaflqdvmnillqywksfdrstkvidfhypnellqey 
- nweladqpqnleeilmhcqttlkyaiktghpryfnqlstgldmvglaadwltstantn 

MFTYEIAPVFVLLEYWLKKMREIIGWPGGSGDGIFSPGGAlSNMYA^yilARFKMFPE 

vkekgmaalprliaftsehshfslkkgaaalgigtdsvilikcdergkmipsdlerri 
leakqkgfvpflvsatagttvygafdpllavadickkykiwmhvdaawgggllmsrkh 
kwklsgveransvtwnphkmmgvplqcsallvreeglmqncnqmhasylfqqdkhydl 
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S YDTGDK ALQCGRHVDVFKLWLMWRAKGTTG F EAH VDKC L EL AEYL YN 1 1 KNREG Y EM 
VFDGKPQHTWCFWYIPPSLRTLEDNEERMSRLSKVAPVIKARMMEYGTTMVSYQPLG 
DKVNFFRMVISNPAATHQDIDFLIEEIERLGQDL" 

misc_f eature 13.. 30 

/gene="GAD2" 

/note="histidine-hexapeptide" 
misc_f eature 61 . .1803 

/gene="GAD2" 

/note= B glut amate decarboxylase" 
BASE COUNT 495 a 404 c 463 g 441 t 

ORIGIN 

1 atgtccccta tacatcacca tcaccatcac ctggttccgc gtggatccga agcttcgaat 
61 tctggctttt ggtctttcgg gtcggaagat ggctctgggg attccgagaa tcccggcaca 
121 gcgcgagcct ggtgccaagt ggctcagaag ttcacgggcg gcatcggaaa caaactgtgc 
181 gccctgctct acggagacgc cgagaagccg gcggagagcg gcgggagcca acccccgcgg 
241 gccgccgccc ggaaggccgc ctgcgcctgc gaccagaagc cctgcagctg ctccaaagtg 
301 gatgtcaact acgcgtttct ccatgcaaca gacctgctgc cggcgtgtga tggagaaagg 
361 cccactttgg cgtttctgca agatgttatg aacattttac ttcagtatgt ggtgaaaagt 
421 ttcgatagat caaccaaagt gattgatttc cattatccta atgagcttct ccaagaatat 
481 aattgggaat tggcagacca accacaaaat ttggaggaaa ttttgatgca ttgccaaaca 
541 actctaaaat atgcaattaa aacagggcat cctagatact tcaatcaact ttctactggt 
601 ttggatatgg ttggattagc agcagactgg ctgacatcaa cagcaaatac taacatgttc 
661 acctatgaaa ttgctccagt atttgtgctt ttggaatatg tcacactaaa gaaaatgaga 
721 gaaatcattg gctggccagg gggctctggc gatgggatat tttctcccgg tggcgccata . 
781 tctaacatgt atgccatgat gatcgcacgc tttaagatgt tcccagaagt caaggagaaa 
841 ggaatggctg ctcttcccag gctcattgcc ttcacgtctg aacatagtca tttttctctc 
901 aagaagggag ctgcagcctt. agggattgga acagacagcg tgattctgat taaatgtgat 
961 gagagaggga aaatgattcc atctgatctt gaaagaagga ttcttgaagc caaacagaaa 
1021 gggtttgttc ctttcctcgt gagtgccaca gctggaacca ccgtgtacgg agcatttgac 
1081 cccctcttag ctgtcgctga. catttgcaaa aagtataaga tctggatgca tgtggatgca 
1141 gcttggggtg ggggattact gatgtcccga aaacacaagt ggaaactgag tggcgtggag 
1201 agggccaact ctgtgacgtg gaatccacac aagatgatgg gagtcccttt gcagtgctct 
1261 gctctcctgg t'tagagaaga gggattgatg cagaattgca accaaatgca tgcctcctac 
1321 ctctttcagc aagataaaca ttatgacctg tcctatgaca ctggagacaa ggccttacag 
1381 tgcggacgcc acgttgatgt ttttaaacta tggctgatgt ggagggcaaa ggggactacc 
1441 gggtttgaag cgcatgttga taaatgtttg gagttggcag agtatttata caacatcata 
1501 aaaaaccgag aaggatatga gatggtgttt gatgggaagc ctcagcacac aaatgtctgc 
1561 ttctggtaca ttcctccaag cttgcgtact ctggaagaca atgaagagag' aatgagtcgc 
1621 ctctcgaagg tggctccagt gattaaagcc agaatgatgg agtatggaac cacaatggtc 
1681 agctaccaac ccttgggaga caaggtcaat ttcttccgca tggtcatctc aaacccagcg 
1741 gcaactc.acc aagacattga cttcctgatt gaagaaatag aacgccttgg acaagattta 
1801 taa 
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O 1: J04977. Human Ku autoimmu...[gi: 186791] Related Sequences, OMIM, Protein, PubMed, Taxonomy, LinkOut 

LOCUS HUMKUANT 3052 bp mRNA PRI 06 -JAN- 199 5 

DEFINITION Human Ku autoimmune antigen gene, complete cds . 
ACCESSION J04977 

VERSION J04977.1 GI: 186791 • 

KEYWORDS Ku antigen; nonhistone DNA binding protein; nuclear protein. 
SOURCE Human fetal liver, cDNA to mRNA. 

ORGANISM Homo sapiens 

Euicaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi ; 
Mammalia; Eutheria; Primates; Catarrhini; Hominidae; Homo. 
REFERENCE 1 (bases 1 to 3052) 

AUTHORS Yaneva,M., Wen, J., Ayala,A. and Cook, R. 

TITLE cDNA-derived amino acid sequence of the 86-kDa subunit of the Ku 
antigen 

JOURNAL J. Biol. Chem. 264 (23), 13407-13411 (1989) 
MEDLINE 89340410 

COMMENT Draft entry and computer-readable sequence for [1] kindly submitted 

by M.Yaneva, 02-JUN-1989. 
FEATURES Location/Qualifiers 
source 1..3052 

/organisms "Homo sapiens" 
/ db_xr ef = ■ t axon : 9 6 0 6 " 
/map= ,, 22qll-ql3" . 
. mRNA 1. .3052 

/product="Ku mRNA" 
gene 34. .2232 

/gene="G22Pl" 
CDS 34.. 2232 

/gene="G22Pl" 
/note="Ku antigen" 
/codon_start=l 
/protein_id= " AAA59475 . 1 » 
/db_xref="GI: 307093" 
• / db_xr ef = " GDB : G00-119-963 w 

/translation^ MVR SGNKAAWLCMDVGFTMSNS I PG I E S PF EQAKKVI TMF VQR 
QVFAENKDEIALVLFGTDGTDNPLSGGDQYQNITVHRHLMLPDFDLLEDIESKIQPGS 
QQADFLDALIVSMDVIQHETIGKKFEKRHIEIFTDLSSRFSKSQLDIIIHSLKKCDIS 
LQFFLPFSLGKEDGSGDRGDGPFRLGGHGPSFPLKGITEQQKEGLEIVKMVMISLEGE 
DGLDEIYSFSESLRKLCVFKKIERHSIHWPCRLTIGSNLSIRIAAYKSILQERVKKTW 
TVVT)AKTLKKEDIQKETVYCLNDDDETEVLKEDIIQGFRYGSDIVPFSKVDEEQMKYK 
S EGKC F S VLG FC K S S QVQRR F FMGNQVLKVF AARDDE AAAVAL S S L I H ALDDLDMVAI 
VRYAYDKRANPQVGVAF PH I KHNYECLVYVQL PFMEDLRQYMF S SLKNSKKYAPTEAQ 
' LNAVDALIDSMSLAKKDEKTDTLEDLFPTTKIPNPRFQRLFQCLLHRALHPREPLPPI 
QQHIWNMLNPPAEVTTKSQIPLSKIKTLFPLIEAKKKDQVTAQEIFQDNHEDGPTAKK 
LKTEQGGAHFSVSSLAEGSVTSVGSVNPAENFRVLVKQKKASFEEASNQLINHIEQFL ' 
DTNETPYFMKSIDCIRAFREEAIKFSEEQRFNNFLKALQEKVEIKQLNHFWEIWQDG 
ITLITKEEASGSSVTAEEAKKFLAPKDKPSGDTAAVFEEGGDVDDLLDMI " 

BASE COUNT 906 a 592 c 708 g . 846 t 

ORIGIN 58 bp upstream of PvuII site. 
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1 ggcgggcgac caaagcgcct gaggaccggc aacatggtgc ggtcggggaa taaggcagct 
61 gttgtgctgt gtatggacgt gggctttacc atgagtaact ccattcctgg tatagaatcc 
121 ccatttgaac aagcaaagaa ggtgataacc atgtttgtac agcgacaggt gtttgctgag 
181 aacaaggatg agattgcttt agtcctgttt ggtacagatg gcactgacaa tcccctttct 
241 ggtggggatc agtatcagaa catcacagtg cacagacatc . tgatgctacc agattttgat 
301 ttgctggagg acattgaaag caaaatccaa ccaggttctc aacaggctga cttcctggat 
361 gcactaatcg tgagcatgga tgtgattcaa catgaaacaa taggaaagaa gtttgagaag 
421 aggcatattg aaatattcac tgacctcagc agccgattca gcaaaagtca gctggatatt 
481 ataattcata gcttgaagaa atgtgacatc tccctgcaat tcttcttgcc tttctcactt 
541 ggcaaggaag atggaagtgg ggacagagga gatggcccct ttcgcttagg tggccatggg 
601 ccttcctttc cactaaaagg aattaccgaa cagcaaaaag aaggtcttga gatagtgaaa 
661 atggtgatga tatctttaga aggtgaagat gggttggatg aaatttattc attcagtgag 
721 agtctgagaa aactgtgcgt cttcaagaaa attgagaggc attccattca ctggccctgc 
781 cgactgacca ttggctccaa tttgtctata aggattgcag cctataaatc gattctacag 
841 gagagagtta aaaagacttg gacagttgtg gatgcaaaaa ccctaaaaaa agaagatata 
901 caaaaagaaa cagtttattg cttaaatgat gatgatgaaa ctgaagtttt aaaagaggat 
961 attattcaag ggttccgcta tggaagtgat atagttcctt tctctaaagt ggatgaggaa 
1021 caaatgaaat ataaatcgga ggggaagtgc ttctctgttt tgggattttg taaatcttct 
1081 caggttcaga gaagattctt catgggaaat caagttctaa aggtctttgc agcaagagat 
1141 gatgaggcag ctgcagttgc actttcctcc ctgattcatg ctttggatga cttagacatg 
1201 gtggccatag ttcgatatgc ttatgacaaa agagctaatc ctcaagtcgg cgtggctttt 
1261 cctcatatca agcataacta tgagtgttta gtgtatgtgc agctgccttt catggaagac 
1321 ttgcggcaat acatgttttc atccttgaaa aacagtaaga aatatgctcc caccgaggca 
1381 cagttgaatg ctgttgatgc tttgattgac tccatgagct tggcaaagaa agatgagaag 
1441 acagacaccc ttgaagactt gtttccaacc accaaaatcc caaatcctcg atttcagaga 
1501 ttatttcagt gtctgctgca cagagcttta catccccggg agcctctacc cccaattcag 
1561 cagcatattt ggaatatgct gaatcctccc gctgaggtga caacgaaaag tcagattcct. 
1621 ctctctaaaa taaagaccct ttttcctctg attgaageca agaaaaagga tcaagtgact 
1681 gctcaggaaa ttttccaaga caaccatgaa gatggaccta cagctaaaaa attaaagact 
1741 gagcaagggg gagcccactt cagcgtctcc agtctggctg aaggcagtgt cacctctgtt 
1801 ggaagtgtga atcctgctga aaacttccgt gttctagtga aacagaagaa ggccagcttt 
1861 gaggaagcga gtaaccagct cataaatcac atcgaacagt ttttggatac taatgaaaca 
1921 ccgtatttta tgaagagcat agactgcatc cgagccttcc gggaagaagc cattaagttt 
1981 tcagaagagc agcgctttaa caacttcctg aaagcccttc aagagaaagt ggaaattaaa 
2041 caattaaatc atttctggga aattgttgtc caggatggaa ttactctgat caccaaagag 
2101 gaagcctctg gaagttctgt cacagctgag gaagccaaaa agtttctggc ccccaaagac 
2161 aaaccaagtg gagacacagc agctgtattt gaagaaggtg gtgatgtgga cgatttattg 
2221 gacatgatat aggtcgtgga tgtatgggga atctaagaga gctgccatcg ctgtgatgct 
2281 gggagttcta acaaaacaag ttggatgcgg ccattcaagg ggagccaaat tctcaagaaa 
2341 ttcccagcag gttacctgga ggcggatcat ctaattctct gtggaatgaa tacacacata 
2401 tatattacaa gggataattt agaccccata caagtttata aagagtcatt gttattttct 
2461 ggttggtgta ttattttttc tgtggtctta ctgatctttg tatattacat acatgctttg 
2521 aagtttctgg aaagtagatc ttttcttgac ctagtatatc agtgacagtt gcagcccttg 
2581 tgatgtgatt agtgtctcat gtggaaccat ggcatggtta ttgatgagtt tcttaaccct 
2641 ttccagagtc ctcctttgcc tgatcctcca acagctgtca cagcttgtgt tgagcaagca 
2701 gtagcatttg cttcctccca acaagcagct gggttaggaa aaccatgggt aaggacggac 
2761 tcacttctct ttttagttga ggccttctag ttaccacatt actctgcctc tgtatatagg 
2821 tggttttctt taagtggggt gggaagggga gcacaatttc ccttcatact ccttttaagc 
2881 agtgagttat ggtggtggtc tcatgaagaa aagacctttt ggcccaatct ctgccatatc 
2941 agtgaacctt tagaaactca aaaactgaga aatttactac agtagttaga attatatcac 
3001 ttcactgttc tctact'tgca agcctcaaag agagaaagtt tcgttatatt gg 



Restrictions on Use | Write to the HeJpDesk 
NCB! | N LM j N[H 

sparc-sun-solaris2 ; 8 Oct 4 2001 1 3:1 2:39 



http://ww.ncbi.nlm.nih.gov/entrez/queryicgi?cmd=Retrieve 



N£BI Sequence Viewer 



Page 1 of 2 




AIT A 7ATAGC. TC C' * J 



cttaC7a*cca*tto<^ 



PubMed 



Structure 



PopSet 



Taxonomy 



OMIM 



Search [^cleotide Jlj f 0 r[ 



Limits 



Preview/Index 



History 



Go : Clear. 

I ■ ■ ■ y - • i 

Clipboard 



Details 



wmmmsi 



WSSgm GenBank 1| aS [HTML 



□ 1: J03798. Human autoantigen...[gi:338264] Related Sequences, OMIM, Protein, PubMed, Taxonomy, LinkOut 



LOCUS 

DEFINITION 

ACCESSION 
VERSION 
KEYWORDS 
SOURCE 

ORGANISM 



REFERENCE 
AUTHORS 
TITLE 
JOURNAL 
MEDLINE 

COMMENT 



HUMSNRNPD 1633 bp mRNA PRI 03-AUG-1993 

Human autoantigen small nuclear ribonucleoprotein Sm-D mRNA, 
complete cds . 
J03798 

J03798.1 GI:338264 
autoantigen; ribonucleoprotein. 
Human B- lymphocyte, cDNA to mRNA, clone D45-2. 
Homo sap ien s 



Chordata; Craniata; Vertebrata; Euteleostomi; 
Primates; Catarrhini; Hominidae; Homo. 



Eukaryota; Metazoa; 
Mammalia; Eutheria; 
1 (bases 1 to 1633) 

Rokeach, L. A. , Haselby,J.A. and Hoch,S.O. 

Molecular cloning of a cDNA encoding the human Sm-D autoantigen 
Proc. Natl. Acad. Sci. U.S.A. 85, 4832-4836 (1988) 
88263041 . 



FEATURES 

source 



RBS 



CDS 



BASE COUNT 
ORIGIN 



Draft entry and computer-readable sequence [1] kindly submitted by 
L. Rokeach 20-JUL-1988. 

The Sm-D protein coded by cDNA D45-2, being a snRNP, is* evidently 
involved in the mRNA splicing of highter eukaryotes; in the 
autoimmune disease systemic lupus erythematosus, antinuclear 
antibodies are developed with Sm specificity. 
Location/Qualifiers 

1. .1633 . ; 

/organism="Homo sapiens" 
/db_xref= n taxon:9606 n 
143. .149 

/note="ribosome binding site" 
151. .510 

/no te=" small nuclear riboprotein Sm-D" 
/codon_start=l 
/protein_id= n AAA36620.1 " 
/db_xref="GI: 338265" 

/ translations "I^LWFLMKLSHETVTIELKNGTQvllGTITGVDVSMNTHLKAVK 
MTLKNREPVQLETLSIRGNNIRYFILPDSLPLDTLLVDVEPKVKSKKREAVAGRGRGR 
. GRGRGRGRGRGRGGPRR n 
474 a 278 c 373 g 508 t 
1 bp upstream of EcoRI site. 
1 gaattccccc ccccccccca gtgctccgcg cgctcttgac gtccggagcc cctggagtag 
61 gcgcttccgg ccattcatac tgcagtcggt cagtgttcgg ttgaaggatt ctgtgtgctg 
121 tcggacccag agggtgacgg cgccgctagg atgaagctcg- tgagattttt gatgaaattg 
181 .agtcatgaaa ctgtaaccat tgaattgaag . aacggaacac aggtccatgg aacaatcaca 
241 ggtgtggatg tcagcatgaa tacacatctt aaagctgtga aaatgaccct gaagaacaga 
301 gaacctgtac agctggaaac gctgagtatt cgaggaaata acattcggta ttttattcta 
361 ccagacagtt tacctctgga tacactactt gtggatgttg aacctaaggt gaaatctaag 
421 aaaagggaag ctgttgcagg aagaggcaga ggaagaggaa gaggaagagg acgtggccgt 
481 ggcagaggaa gagggggtcc taggcgataa tgtctctcaa gatttcaaag tcatatgaga 
541 tttgggatat tttttgtaca ggttgtgttt gtttatgtca gtttttaata aacataaatg 
601 tgggacagag ctgtctattt agtatatcaa agttttagta gtttcctcca cattcacgaa 
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661 attaccacag tgagagctaa gcatttctac tgggcagttt catttttagt tgatcaggtt 

721 ttaagttttt gaactaaaat ttttcttttt ctttttatga tgaataaggt taaaataaaa 

781 gccttagaca aattaaattt ggcagagttt aattgagcaa aggacaattc acaaatcagg 

841 tagcccctga accataatag gctcagaggc ttcagcccag ctgcatagtt gaagatttat 

901 ggacagaagg aaagtgatgt atggaaaatg gaagtgagat acagcaacag ccggattagt 

961 tacagttcag cgtttgcctt atttgaatat ggtttgaaca gttcgctgtc tttggttggc 

1021 tgaaacttag tgattgccac aagagtaggg taccgtctgt ttacacgtcc agttaggcta 

1081 cagttctatg tactgagaaa cctttaagct gaacttgaga tatgtaaaga gactttaggc 

1141 taaacttaac aatatatata ggaatatatc ccttctactt cacatgcact gaatatgcat 

1201 tttattgctt tactcttcat tctgtggcac ctacccacag gggaagtaag aagtttgttt 

1261 tggtatttcg gaaactaaag tccttatggg atggggtcta gaattgattc tcctttcctg 

1321 agttttactc cacggagtct taggtacctg gtaaaaagtt gtcttctaaa ttaagggtca 

1381 ttgctttgtt gtctagctgc taatgtctta cttttgtttc ttttgctttt taatcagttc 

1441 ttaataggat atagttttat gttttccaag ttataacttg gagttaatgg tcactagatt 

1501 atcagttatg agcagtgtta aaatctccta ttaatgtgta atgtacctgt cagtgcctcc 

1561 tttattaagg ggttctttga gaataaaaga gaaaagacct actttatttg acagcaaaaa 
1621 aaaaaaggaa ttc 

// 
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G 1: M24499. Human cytochrome ...[gi:522194] Related Sequences, Protein, PubMed, Taxonomy, LinkOut 



LOCUS 

DEFINITION 

ACCESSION 

VERSION 

KEYWORDS 

SOURCE 

ORGANISM 



PRI 



04-AUG-1994 



end, clone HLD8.2. 



liver cDNA to 



Euteleostomi; 
Homo . 



REFERENCE 
' AUTHORS 
TITLE 

JOURNAL 
MEDLINE 

COMMENT 

FEATURES 

source 



CDS 



HUMP450DB1 1195 bp mRNA 
Human cytochrome P450dbl mRNA, 3' 
M24499 

M24499.1 GI:522194 
cytochrome P450dbl. 

Homo sapiens (individual_isolate Hepatitis patient) 
mRNA. 

Homo sapiens 

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; 
Mammalia; Eutheria; Primates; Catarrhini; Hominidae; 
1 (bases 1 to 1195) 

Manns, M. P., Johnson, E.F. , Griff in, K.J. , Tan , E . M . and Sullivan, K.F. 
Major antigen of liver kidney microsomal autoantibodies in 
idiopathic autoimmune hepatitis is cytochrome P450dbl 
J. Clin. Invest. 83, 1066-1072 (1989) 
89155788 

On Aug 5, 1994 this sequence version replaced gi: 341176. 
Location/Qualifiers 
' 1. .1195 

/ organi sm= " Homo sapiens "■ 
/isolate="Hepatitis patient" 
/ db_xr e f = n t axon : 9 6 0 6 n 
* /tissue_type= "liver" 
<1. .1122 
/codon_start=l 

/product=" cytochrome P450dbl" 
/protein_id= " AAA36403 . 1 " 
/db_xref ="GI : 522195" 

/ trans lat ion= "GPAWREQRRFSVSTLRNLGLGKKSLEQWVTEEAACLCAAFANHS 
GRPFRPNGLLDKAVSNVIASLTCGRRFEYDDPRFLRLLDLAQEGLKEESGFLREVLNA 
VPVLLH I PALAGKVLRFQKAFLTQLDELLTEHRMTWDPAQPPRDLTEAFLAEMEKAKG 
NPE S S FNDENLR I WADLF S AGMVTTSTTLAWGLLLMI LH PDVQRRVQQE I DDVI GQV 
RRPEMGDQAHMPYTTAVIHEVQRFGDIVPLGVTHMTSRDIEVQGFRIPKGTTLITNLS 
SVLKDEAVWEKPFRFHPEHFLDAQGHFVKPEAFLPFSAGRRACLGEPLARMELFLFFT 
SLLQHFSFSVPTGQPRPSHHGVFAFLVTPSPYELCAVPR" 
polyA_si gnal 1174. .1179' 
poiyA_site 1195 

BASE COUNT 215 a , 397 c 342 g 241 t . ' 

ORIGIN 

1 gggcccgcgt ggcgcgagca gaggcgcttc tccgtctcca ccttgcgcaa cttgggcctg 
61 ggcaagaagt cgttggagca gtgggtgacc gaggaggccg cctgcctttg tgccgccttc 
121 ^gccaaccact ccggacgccc ctttcgcccc aacggtctct tggacaaagc cgtgagcaac 
181 gtgatcgcct ccctcacctg cgggcgccgc ttcgagtacg acgaccctcg cttcctcagg 
241 ctgctggacc tagctcagga gggactgaag gaggagtcgg gctttctgcg cgaggtgctg 
301 aatgctgtcc ccgtcctcct .gcatatccca gcgctggctg gcaaggtcct acgcttccaa 
361 aaggctttcc * tgacccagct ggatgagctg ctaactgagc acaggatgac ctgggaccca 
421 gcccagcccc cccgagacct gactgaggcc ttcctggcag agatggagaa ggccaagggg 
481 aaccctgaga gcagcttcaa tgatgagaac ctgcgcatag tggtggctga cctgttctct 



http://ww.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=nucl^ 10/8/2001 
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541 gccgggatgg tgaccacctc Jjcjjjco gatcctacat 

601 ccggatgtgc agcgccgtgt ccaacaggag ^cgacgacg «J tgaggtg ca g 
661 ccagagatgg gtgaccaggc tcacatgccc tacaccactg J* catcgaagta 
721 cgcttt gggg acatcgtccc cctgggtgtg acccatatg ggtg ct g aag 
781 cagggcttcc gcatccctaa ^acgaca "catcacca ^ ggatgcccag 
841 g a tg a gg cc g tct ggg a g aa gcccttccgc caggccgceg tgcatgcctc 

901 ggccactttg t g aa g cc gg a ^tcctg cctttctcw ^« J gcagca cttc 
961 ggggagcccc tgg ccc g cat ^ ctcttc ^caaccacc atggtgtctt tgctttcctg 
1021 agcttctcgg tgcccactgg acagccccgg cccagccacc acctagtC cc 
1081 gtgaccccat ccccctat g a gctttgtgct Qtgccccgct m. «»« 
.1141 cagcctgctc cctagccaga ggctctaatg.tacaataaag caatgtgg- 
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D 1 : M28639. Human autoimmune ...[gi:291 864] heiaiea 



LOCUS 

DEFINITION 
ACCESSION 
VERSION 
KEYWORDS 
SOURCE 
ORGANISM 



REFERENCE 
AUTHORS 
TITLE 

JOURNAL 
MEDLINE 
FEATURES 

source 



mRNA . 



HUMATDRAGA 572 bp mRNA PRI ' "-JON-1993 

Human autoimmune thyroid disease-related antigen mRNA. 
M28639 

M28639.1 GIi'291864 

autoimmune thyroid disease-related antigen. 
Homo sapiens Graves' thyroid cDNA to mRNA. 

lukarySif Metazoa; Chordata; Craniata; Vertebrate; Euteleostomi; 
Mammalia; Eutheria; Primates; Catarrhini; Hominidae; Homo. 

1 (bases 1 to 572) ■ . , n . R ' 

Hirayu,H., SetO.P.i Magnusson , R . P . , Filetti,S. and Rapoport,B. 
Molecular cloning and partial characterization of a new autoimmune 
■thyroid disease-related antigen 
J. Clinl Endocrinol. Metab. 64, 578-584 (1984) 



87138159 



162 



Location/Qualifiers 
1..572 ' • 
/organising "Homo sapiens" 
/db_xref= B taxpn :9606V t 
( l t i ssue_type= " thyroid " 

/dev„stage=" Graves , • 

<1. .>572 ■ , : . . . 

■/note=" antigen is not thyroglobulin, the microsomal 
•antigen, or the TSH-bindirig receptor" 
a 155 c 125 g 130 t ' 



BASE COUNT' 

° RIGIN 1 aagtcccagc ctcccgctgc cgtccagtgt- gtgtactgta cacatccaca ctcactctca 
61 ctcagggttc ccggaccggc tgtcctgcct gcggaactga ^aaacaag. ctcaggtact 
121 gacactagga gggtctacct tacataaggt acaggtagaa gcttgattga "gctaggcc 
81- caggccaccc agaccctcca atcctaacag gtatttaggc ttgaggttca ctccctcctc 
241 agctgcacac gcagccaggt ataacactcg ccctcagtca caacggggag ggggcaccgg 
ttacatctac atcacattat ttataaaata agaattacat tt.catataac atggccagaa 
■ 361 ggagctctag tcccccagga aagctgccgg gacagcattt gagcctcttc "tgcacagg 
- ; 421 cataacttaa ctatacagct aattgggggg ggccccccct gaaaaataat . «cccgaat 
481 aagcagcatg tcatgtcctt agaatatgtt acactagaaa ggtagaaaaa ttcaggctaa 
541 ggaggcaatt tagagtcaag ttatcacgaa tt 
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Isolation of human blood dendritic cells by discontinuous 
Nycodenz gradient centrifugation. 

McLellan AD, Starling GC, Hart DN. 

Haematology/Immunology Research Laboratory, Christchurch Hospital, 
New Zealand. 

The most potent antigen presenting cell present in peripheral blood, 
lymphoid and non-lymphoid tissue is the dendritic cell (DC). The study of 
human DC has been restricted by their low frequency in the tissues and the 
lack of a truly DC specific surface marker to assist in identification and 
isolation. Standard techniques for the isolation of blood DC generally 
employ a period of in vitro culture followed by flotation on dense albumin 
gradients, or more recently, discontinuous gradients of metrizamide. Dense 
albumin gradients are time consuming to prepare, giving low and variable 
yields of DC. Metrizamide is more convenient, although exposure of 
monocytes to metrizamide can decrease the expression of CD 14 and alter 
the accessory cell properties of antigen presenting cells. Here we 
demonstrate that Nycodenz gradient centrifugation of 16 h cultured, T 
lymphocyte depleted, peripheral blood mononuclear cells (PBMC) reliably 
yields a population of low density cells that is highly enriched for DC. Most 
B and residual T lymphocytes are depleted and NK cell numbers are 
reduced two-fold from the interface cell population. The high density pellet 
fraction exhibits very little allostimulatory activity, indicating that few DC 
pass into the pellet. The low density fraction contains a significant 
population (20 +/- 5 (SD)%, n = 8) of cells which fail to stain for the lineage 
markers CD3, CDllb, CD14, CD16, CD19 and CD57. Nycodenz exhibits 
low toxicity, does not alter the allostimulatory activity of antigen presenting 
cells, and is therefore ideal for the isolation of cultured DC. 
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